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APOLOGY. 

TO apologize for publishing new opin- 
ions and principles, avails little ; novelty 
being considered, by a great share of man- 
kind, an inseparable criterion of error or 
falsehood. 

But it should be remembered, that, 
when the dawn of philosophy began to il- 
lumine the dark ages, and the splendor of 
learning to beautify the mind of the studi- 
ous, every discovery was a novelty. But, 
that error and truth should be at that time 
in a greater or less degree inseparable, 
cannot be doubted. 

Error, intermixed with truth, is no 
small embarrassment in the pursuit of fur- 
ther discoveries; the consequence of which 
has ever been, that the learned have beeiL 
compelled to devote as much time to poinf 
out mistakes, that the way might become 
plain to further acquirements, as in search 
of the knowledge of abstruse matters. 



Nor has the difficulty ended here — for 
the powers of the most penetrating gen- 
iuses are not sufficient, in all cases, to avoid 
error, even in this enlightened age. It 
behoves us, therefore, to examine with at- 
tention, and decide with candor, concern- j 
ing principles, in all cases of importance. 
And what is there of more importance, 
than a. knowledge of the causes and opera- 
tions which produce, and destroy,, all 
things on which our being and happiness 
depend ? 

The writer trusts, that the candid, at 
least, to whose view these pages may come, 
will not, because the principles are new, 
withhold their attention ; but rather, that 
it may be an incitement to examine. For 
certain it is, that the knowledge of the 
Operations of the Laws of Nature is yet 
extremely imperfect ; and without propo- 
' sing new principles, can never be other- 
wise. 

It was by no means the intention of the 
author to censure the opinions of others ; 



but he was, unavoidably, compelled, either 
to suppress his own, or dissent from many 
of those laid down by writers, whose char- 
acters and abilities he holds in the highest 
veneration. 

Whatever is new in this work, is laid 
before the public for their decision; tc 
whose candid judgment it will be cheer 
fully submitted; for the great tribunal 
will not eventually err, 

Altho' the author has been, for forty 
years, in the habit of reflecting on the foU 
lowing and like subjects, yet, in conse- 
quence of crowded attention to many avo- 
cations, and the lengthy intervals unavoid- 
able in writing, he could not, at all rimes, 
keep the various subjects suffieiently in 
view, to insure any great degree of cor- 
rectness, or systematic connexion. And 
the great variety of subjects which must, 
necessarily, be considered, required the 
miscellaneous form in which it appears, to 
prevent being swelled to an undesirable 
size. A 2, 



vi 
The different branches of science with 
which the various subjects are connected, 
have rendered the use of many technical 
terms unavoidable. The writer has de- 
lined some, and would have gone further, 
but for the fear of being thought pedantic. 
He takes the liberty to recommend to 
those unacquainted with it, Quinces Lex- 
icon PhysicQ-Medicum improved. 

August, 1813. 



INQUIRIES 

concerning 

The Operations of the Laws of NATURE. 



SITTING by the fire, the cold Christ- 
mas of 1811, in a room where much air was 
admitted, I observed the heat mostly carried 
up chimney. When the fire was brought 
forward, by larger wood, I further observed, 
that the particles or rays of heat, in spite of 
the pressure and current of the atmosphere, 
up the chimney, were forcibly projected into 
the room, so as to make it comfortably 
warm. 

Upon which I queried in my mind con- 
cerning the source, essence and operation of 
this powerful, useful and comforting agent 
in nature. 

After much study and mature deliberation, 
I became fully satisfied, that the sun is the 
source of heat ; that the rays projected from 
the sun are the same, in essence, as those 
emitted from fire, 'kindled by art ; and that 
the particles of light and heat are, identically, 
one and the same thing. 
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That the different operations of the Ma- 
teria Solis* depend, 1st, principally, on a 
greater or less quantity passing through any 
given space, in the same time ; that, when 
more collected, its operation is that of heat,, 
but, when much more rare, that of light only,, 
producing no sensible heat. 

} This appears clearly, when we observe the 
effects of the sun's r,ays - r whose vivid force 
can hardly be endured by the naked eye, and 
whose warmth affords the greatest pleasure,, 
even in the irradiated state in which they are 
projected to the earth. But which, collected 
by means of a lens, operate with power equal 
to the most intense fire. And, altho* when 
projected from the sun to the moon, and 
thence reflected to us, they are sufficiently 
collected for the operation of vision, on the 
very sensible retina of the eye, yet, when we 
consider the irradiated and diffused state they 
must be in, when they arrive at the moon, 
and that they again suffer like diffusion in 

* i. §. Matter of the Sen. It is intended, sub. 
sequtntly, to be made clearly to appear, that the 
expression is proper ; that materia solis, rays of 
the sun, of heat, and of light, matter of heat, cor- 
puscles, atoms or particles of heat, or of fire, and 
caloric, are all synonimous terms •, and that anti- 
crouon is only a power or principle, operated upon 
by that, which is properly expressed by any of the 
foregoing terms. 
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passing from the moon to the earth ; consid- 
ering, also, the difference in the power re- 
quired to produce the two effects, we need 
not be surprised, that, with the help of the 
best lens, no heat can be perceived. 

These operations depend, 2dly, in some 
measure, and in some instances principally, 
on the manner in which the materia solis is 
disentangled and emitted from those bodies 
with which it is incorporated, by their ac- 
cretion or growth, and in which it is a con- 
stituent material ; or from those in which, by 
some means, it has been more suddenly ac- 
cumulated, and from which it more suddenly 
departs ; as heated iron, &c. 

It is believed, the observable operations 
of the sun's rays above stated, will be con- 
ceded to. And can it be denied, that the 
essence of light and heat is one and the 
same ? 

Hitherto our progress seems to have been 
free from any considerable embarrassments ; 
but we must expect to meet with operations 
of the laws of nature, over which the veil 
of obscurity is thickly spread ; and it will be 
very happy for us, if the veil of error does 
not obscure the truth, contemplated in our 
investigations. 



10 Inquiries concerning 

Previous to an attempt to elucidate those 
operations of the materia solis. in which ve- 
ry considerable intensity of heat is experien. 
ced, without the appearance of light, and iq 
which, as in many instances, light is discov. 
erable where no heat can be perceived, 
(which, at first view, seems st- ongly to con- 
tradict the foregoing proposition) it is ne- 
cessary to consider the Materia Solis as an 
element. 

By element, is to be understood, a primo 
genial, uncompounded. elementary, compo 
nent part of all the animal, vegetable, min 
eral and fossil productions in nature's king 
dom. 

Here then we have opened the gate to tlie 
general field of nature, whose laws and reg- 
ulations are the reign and direction of " Na- 
ture's God ;" where the most extensive fi- 
nite capacity and comprehension are lost in 
unbounded infinity, and the utmost exertion 
of created, lost in the first attempt to scan 
uncreated power - T whose existence, by this 
vast ocean of evidence, is irresistably irn 
pressed upon the philosophizing mind, ad 
unavoidably leads to the most profound bul 
silent heartfelt awe and reverence, for the 
great and unknown first cause. 

However gratifying it might be to the in-, 
quiring mind to- know and define the num- 



the Laws of Nature, 11 

ber and quality of the elements, which seem 
to have been designed by an aihvise Creator, 
as materials for the laws of nature to com- 
pose and set forth the beauteous and useful 
infinity of furniture which adorns the uni- 
verse ; yet, it seems not essentially necessa- 
ry in this inquiry ; and it is moreover prob- 
able that the attempt would be attended with 
insurmountable difficulties ; and, as brevity 
is studiously sought, it is considered suffi- 
cient, briefly to notice some of the most con- 
spicuous, and to us, most familiar substan- 
ces ; such as earth, air, and water, which 
have been considered by philosophers as 
elements ; and to pass by others, such as 
sulphur, salt, oil, &c. it being undetermined 
concerning their possessing the properties of 
elements, or whether they are not themselves 
compound substances. 

But, to support the doctrine, that fire is an 
element, and to explain its operations and 
effects, being the principal object of these 
inquiries, will claim minute and particular 
attention. 

That earth is an element seems to appear 
from its being found among the fixed remains 
of most, if not all animal and vegetable sub- 
stances, after a decomposition of their parts 
has been brought about by fire. But I know 
of no positive proof, that the ashes, so found, 
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are not every part of them a compound sub* 
stance ; and if compound, they cannot be 
primogenial, uncompounded, elementary sub- 
stances. 

That rocks, stones, gravel, Sec. are com- 
pound substances, which, by the operation 
of the laws of nature, are subjects of accre- 
tion or growth, I have no doubt ; indeed, 
there is such evidence as puts the matter be- 
yond dispute ; and that fire is a part of their 
composition, is evident from its being known 
to abound in them. Vegetables have often 
been found completely petrified. 

I have been credibly informed of a butter- 
fly, whose form and color was plainly distin- 
guishable, composing a part of a solid rock, 
where it must have been for ages, and must 
remain as durable as the rock of which it is 
a part. I have, myself, seen numbers of 
vines of the evergreen kind, with their form 
and color perfectly conspicuous, forming 
part of a hard rock, blown out of a ledge, a 
considerable depth below the surface. 

Innumerable instances of petrifaction are 
to be met with in the natural world ; in ad- 
dition to which a great number of other evi- 
dences might be adduced, but it is believed 
we have already enough to prove the accre- 
tion of fossil substances. 



the LaiOs of Nature. 13 

To prevent mistake, it may not here be 
amiss to observe, that it is not meant, that, 
at creation, there was nothing but primoge- 
nial, uncompounded matter furnished, and 
that thousands of years were required for the 
laws of nature, by slow degrees, to compose 
the vafct varieties of compounds which adoni 
the world; but, that ah alwise Creator, by 
his omnipotent fiat, finished the stupendous 
work, and beheld the universe, in all its beau- 
teous order. To every part and particle of 
which was annexed, never to be altered, while 
time shall last, those rules, regulations, con- 
nections, and dependencies, which we term 
laws of nature; whose abstruse & mysterious 
operations, it becomes the philosophizing 
mind to contemplate, and, so far as may be, 
to explain. 

It is presumed, that an uniformity in the 
operations of the laws of nature, will not be 
denied; and, that the operations and effects, 
which take place in the objects, which are 
conspicuous to our organs, may, with propri- 
ety, be supposed to take place, in those 
which are too minnte for our inspection, or 
too sknv for our observation. 

In all the productions of nature, which are 
discoverable, we observe a time or season of 
growth, or arrival at maturity; a time of con- 
tinuance in perfection, and a time of decay ; 

B 
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in which, sooner or later, a decomposition, 
and return of their component parts to their 
primogenial state, is effected. 

It will, therefore, be assumed as a fact, that 
all which is produced by growth or accre- 
tion, is subject, not only to decay, but to 
complete decomposition; that, not only ani- 
mals & vegetables, but rocks, stones, gravel, 
sand, loam, and clay, with many other earthv 
substances, are subjects of growth and decay. 

All which, however, does not prove, that 
there is not a terrene or earthy substance, 
which is primogenial and uncompounded, 
and which may compose far the greatest part 
of the bulk of all fossils; and may, more or 
less, enter into the composition of animals and 
vegetables. 

An opinion, therefore, that earth is, or hs 
not an element, until further light shall be 
reflected on the subject, is suspended. 



The next question is, whether air is a» 
element, or not? I-et it be previously ob- 
served, that whatever substance we are famil- 
iar with, which, uoon close examination, rare- 
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sents to our view, no properties of a com- 
pound production, but, on the other hand, all 
the qualities and evidence which it exhibits, 
are such as ought to be received in proof, of 
its being an uncompounded substance, will 
hardly be denied # to be an element. 

Correctly to form an opinion on the sub- 
ject of air, it seems necessary, first, to under- 
stand its nature and properties. 

A single atom of air is too minute for in- 
spection, or for producing any sensible oper- 
ation on our organs. Our observations, 
therefore, can be made, only on the effects of 
its particles, operating collectively ; in which 
state it produces a vast variety, and from 
which alone we can conceive any idea of the 
form, essence and constituent powers of its 
particles. 

Its extreme fluidity, as well as capabili- 
ty of rarefaction, plainly shows the minute- 
ness of its corpuscles. To every particle of 
which, as the sole constituent power of its 
fluidity, there was, when created, annexed an 
invariable law of repulsion ; by which power, 
they perpetually repel each other, so as never 
to come into actual contact. 

Wherefore, air, although it may be inter- 
mixed, entangled and confined with other el- 
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ements, composing solid substances, in tlie 
form of animal, vegetable, and fossil produc- 
tions, of which it makes a part ; yet, when 
it is the greater part of the composition, it can 
never become solid, like water congealed. 

This law of repulsion may be greatly in- 
creased and extended by the existing power 
©f many operations in nature ; but by no one 
else, near so much, as by that of fire ; by 
which extension, the particles irresistably re. 
cede further from each other. 

The plain consequence of which must be, 
an increased rarity and expansion of the vol- 
ume thus operated upon. 

Familiarly to exemplify this ; suppose a 
cistern partly filled with ounce balls ; they 
can form but a partial fluid. But suppose an 
invariable law of repulsion to be annexed to 
each ball, by the power of which they must 
recede a quarter of an inch from each other ; 
yet, notwithstanding, this power, by force of 
violence, may be crowded upon, and the balls 
come nearer together ; but never so as to 
touch in any points ; nor ever to cease exer- 
tions to regain that distance. — Nothing can 
be plainer than that the mass must be great- 
ly increased in size and become extremely 
ftuid. 
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But instead of ounce ^balls, suppose the 
mass to be composed of the finest shot, and 
without the power of repulsion. Touching 
in many more points, it seems it must be 
much lees fluid ; but upon the application of 
the law of repulsion, diminished in the same 
ratio as the balls are supposed to be in size. 
the fluidity would therefore be increased. 

In either of the foregoing, if the idea of the 
repellant power suffering partial depression, 
like an elastic atmosphere, is kepi in mind, 
nothing can be more easy than to conceive 
the principle of fluidity. Suppose, for in- 
stance, a pound weight, dropped into such a 
body contained in a large cistern ; it appears 
clearly that the mass must be all thrown into 
agitation ; for if one ball is pressed deeper 
into the mass, it will move all adjacent, 
which will move the next adjacent, until the 
whole are disturbed, 

Some idea of this may be conceived by 
observing the needle of a compass, which, 
when undisturbed, remains quietly submis- 
sive to the power of polar attraction ; but 
when violently forced from iw> obedience to 
the law of nature, seems "tremblingly alive 5 ' 
to. regain its place in creation. 

Of the various inventions hitherto sug- 
gested to account for fluidity, no one appears 
u 2 
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more specious than that roundness, smooth- 
ness, hardness, homogeneeusness and mi. 
nuteness of the corpuscles, are sufficient to 
constitute fluidity ; and that the mass must 
be more or less fluid, according to the degree 
in which its particles possess these qualities. 

For solidity depends solely on the cohes- 
ion of attraction, which is increased or di- 
minished in proportion to the number of 
points in which the component parts touch. 

But as two balls, when in contact, can 
touch in one point only, (which point or space 
of contact is as large between two of the least 
imaginable, as between those of the largest 
size) and to constitute a perfect sphere or 
ball, perfect smoothness is requisite ; and to 
retain its figure, impenetrable hardness is e»- 
qually necessary — and because a maste of ho- 
mogeneous balls will touch in less points than 
an equal quantity composed of those which 
are of unequal sizes, it seems clear, that par- 
ticles, possessing the four first- mentioned 
properties, are calculated to compose a mass 
which sha41 touch in less points than any oth- 
er figure or property possibly can, the pow- 
er of repulsion excepted. 

But each such corpuscle, touching in four 
points only, (for they can touch in no less) 
iastead of composing a fluid, especially, if to 
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the four above-mentioned, the fifth, proper- 
ty of minuteness, be added, it would proba- 
bly form a solid, as hard, brittle and pellucid 
as glass. Were it even granted that the 
composition would be fluid, yet it would lack 
some of the essential properties observable 
in fluids, as rarefaction and exhalation ; and 
if the foregoing reasoning be admitted, con- 
cerning the cohesion of attraction, the fintr 
the particles, the greater must be the attrac- 
tion ; wherefore, minuteness, instead of tend- 
ing to fluidity, must greatly increase solidity. 

Therefore it seems extremely difficult, if 
aot impossible, to account for fluidity, with- 
out admitting the aid of the law of repulsion. 

Nor does it appear that a spherical figure 
is, in the least, essential to fluidity. For the 
same principles which are admitted as suffi- 
cient to account for the fluidity of air, must 
also be admitted to account for the same 
property in water and all other liquids. 

Judging from the operations and effects of 
aquafortis and many other liquids, which 
appear as transparent and fluid as the purest 
water, we cannot, I think, suppose the cor- 
puscles composing them to be spherical ; but 
that they arc as pointed as the laws of nature 
could form them. 
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For they have the power of destroying, in 
.1 short time, the hardest steel. 

But I will not deny that this may be per- 
formed by some other property than pointed- 
ncss of particles. 

However, I know of no reason why we 
should doubt the spherical figure of the par- 
ticles of air. 

Although the particles of air are extreme- 
ly small, yet it seems to appear from experi- 
ments, that those of electrical fluid, lire, wa- 
ter and oil, if no more, are still finer. But, 
however the fact may be, (and the truth of it 
is not altogether essential in these inquiries) 
I am not without doubts, concerning water, 
oil, &.c. 

For, notwithstanding they may be pressed 
through the pores of gold, it may be owing to 
the much greater power of irresistable re- 
pulsion which the corpuscles of air possess, 
over and above those of water, &c. that ren- 
ders it impossible to force air through gold. 

If the foregoing reasoning is correct, the 
great body of air seems to be made up of 
globular corpuscles, which are, so far as vet 
appears to be ascertained, the finest in crea- 
tion, excepting ' n J 
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fire ; there being doubts concerning those of 
water, oil, and several others. 

The specific gravity of air greatly exceeds 
that of fire, (if fire is at all within the power 
of common gravity) and much exceeds that 
of electrical fluid, and seems to be the same 
with that of the matter of cold, but lighter 
than any other substances whose gravity has 
yet been ascertained. 

Each corpuscle of it possesses a much 
more powerful and extensive law of repul- 
sion thjn those of any other fluid ; on which 
alone collectively depend its superior fluidity, 
rarefaction, elasticity and transparency. 

That air is an element seems clearly to 
appear, from observing a variety of the ope- 
rations of nature. 

That it is an ingredient in the composition 
of most, if not all compound fossil substances, 
appears probable, from its being diminished 
when exposed to petrifying substances — for 
petrifaction is not simply the changing or 
turning from one state or mode of existence 
into another form, but requires addition or 
privation of matter, or both the privation of 
one sort and the addition of another. To 
transform water to ice requires the addition 
of the pa—- 1 - - r " 
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It is not the less probable that rocks and 
other fossils have air in their composition, be. 
cause they were formed at creation ; for all 
things were created with their components, 
as complete as those which are produced by 
growth. 

All animal and vegetable bodies, upon a 
decomposition of their substances, produce a 
portion of air. If those bodies are not partly 
made up of air, whence comes the air they 
afford ? No one will suppose it to be formed 
or generated by the destruction of those sub- 
stances. 

Acids and alkalies, when mixed, mutually 
decompound each other, and much air is 
emitted. 

But a total solution and decomposition of 
their component parts does not take place — 
for although they lose both their forms, and 
the nature of such existences, yet, from the 
remains of both, a tertium quid (or third sub- 
stance) is suddenly produced, but in all res- 
pects different from either of them, and the 
emission of air is always in proportion to the 
quantity of matter decompounded. 

So in fermenting liquors, the crude veget- 
able matter, possessing acid and alkalescent 
qualities, surfers decomposition ; in which 
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operation it emits much air, and a tertium 
quid called spirits is formed or grows out of 
the dissolving substances. 

That the juices of fruits, farinaceous sub- 
stances, &c. contain oxygen, all will admit ; 
and that they contain the principle of alkali, 
will as readily be admitted. Considering, 
they possess incipient acid and alkali, and 
also from the similarity of appearance in the 
effervescence of fermenting liquors, and mix* 
tures of acids and alkalies ; it appears reason- 
able to conclude, that acids and alkalies pro- 
duce the vinous, if not most or all other 
kinds of fermentation. For acids and alkalies 
possess such an antipathy or repulsion to 
each other, that after once coming into ac- 
tion, they never more rest together, but sup- 
port perpetual war till one or both are des- 
troyed. 

But, if any one supposes that fermentation 
ought to be attributed to some other cause, 
I shall not contend on that account. 

Many ©ther arguments could be used to 
elucidate and support the proposition, that 
air is an clement ; but those already produ- 
ced are thought sufficient ; and prolixity 
would be insupportable to a reader who finds 
Kttie to attract bis attention. 
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To establish the position, that air is not 
itself a compound substance, it seems sufn- 
rient to show that it exhibits no evidence to 
prove itself such; but negative proofs by the 
rules of law are hardly admissible. 

If air is a subject of growth and decay, i. e. 
if it is compounded by the operation of the 
laws of nature, of a variety of primogenial, 
elementary substances, (which were provi- 
ded at creation, for the purpose of compo- 
sing the productions of nature) and conse- 
quently subject to decay ; is it not a little 
surprising, that philosophers, before now, 
should not have discovered some time, place 
or mode of its formation ; or, that it should 
not have been discovered in its decaying, or 
decayed state. But there is no evidence that 
any such discovery has yet been made. 

That portions of the circulating, atmos- 
pherical air are entangled and combined with 
other elementary substances in the produc- 
tions of nature, where it becomes fixed ; and 
that the great volume of moveable air is pro- 
portionally lessened, is not to be denied.-— 
But this change of situation lessens not the 
quantity of air in existence ; and when, upon 
a decomposition of some productions of na- 
ture, the fixed air in it is set at liberty, the 
volume of moveable air is augmented in pro* 
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portion ; but the whole quantity of air is not 
increased. 

When reasoning upon air, it ought to be 
kept in mind, that it is the essence, proper- 
ties and effects of pure air, which employ our 
attention — for no part of the atmosphere is 
ever found free from impurities, but an in- 
conceivable variety of extraneous substances 
are continually wafted with it. 

As the design of these inquiries is to 
search for truth and not error, it belongs not 
to this work to censure the opinions and Wri- 
tings of others, nor (if the writer's abilities 
were equal to the task) to attempt to confute 
them. 

But, with deference to the high authority 
of the characters, with whom it has fallen to 
his lot to differ in so many important points, 
he begs leave to suggest, that air, loaded 
With extraneous substances, (as above-men- 
tioned) has erroneously been considered a* 
new compound production, formed by the 
operations of the laws of nature. 

That such an error should take the place 

of truth, where the least haste in forming an 

opinion lias happened, ought not to surprize 

us, when we consider the vast variety and 

c 



26 Inquiries concerning 

important operations those extraneous mat- 
ters produce. 

Some being so extremely deleterious, as to 
prove instantly fatal to those who are so un- 
fortunate as to be exposed to their effects ; 
others most disgusting to the olfactory nerve; 
others, by stimulating the same nerve, excite 
to action the whole system, and restore to 
life the body to appearance dead, and others 
imparting the most agreeable sense of pleas- 
ure, through the same sensible nerve of the 
nose. 

And as some things (especially fire) have 
the power of rarefying air to a very extraor- 
dinary increase of its medium volume ; so, 
also, some things, and especially the fumes of 
carbone or charcoal, heat to redness, (or, to 
speak in modern style, carbonic acid gas) 
have the power of condensing air, and redu- 
cing it almost to a fixed state, whereby it is 
rendered incapable of supporting life. 

I have said the fumes condense it ; for it 
would be most extraordinary if burning coal, 
than which nothing has greater power to rar- 
efy air, should absorb it, as we are taught 
by respectable authority to believe. And 
how a few handfulls of burning coal can ab- 
sorb the greater part of the air contained in 
but a small room, surpasses the power of ; m . 
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agination to conceive. For this compare- 
tively large volume of air must be reduced 
in size, so as to occupy no more space than 
the pores or interstices of the coal afford ; 
which, when we consider the shrinking of the 
wood, and consequently closing of the pores 
in the act of coaling, we must allow to be 
but small. 

But cold carbone neither absorbs noy con- 
denses air. — Tt must then be condensed by 
somewhat emitted from the coal whilst un- 
dergoing decomposition by the operation of 
fire ; as it must be attracted to the coal and 
sufficiently condensed, to enter its substance, 
by that which not only repels air, but above 
all other things, rarefies it, viz. by fire. 

Though we are (as before remarked) in- 
formed, by highly respectable philosophers, 
that burning charcoal absorbs air, this opin- 
ion, (doubtless given without sufficient con- 
sideration) it is presumed, is abundantly 
r.hewri to be erroneous ; and that the air, in- 
stead of being absorbed by burning* coal, is 
condensed by certain exhalations from the 
coal, whilst suffering decomposition by the 
operation of fire. 

We are further told, when charcoal is ful- 
ly consumed by fire, that, (tins must un- 
doubtedly mean some part or ail of the e!e- 
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incnts of which it was composed) by com* 
bination with, oxygen (or the principle of 
sourness) and caloric, (or the principle of 
heat, latent heat or fixed heat) it turns to 
carbonic acid gas ; which is said to be the 
heaviest of aeriform fluids ; and that by its 
great weight, it sometimes settles into mines, 
caverns, wells, &c. where, from its fatal ef. 
fects, it is denominated choke-damp. 

Passing silently over the idea of those com- 
binations, not fully comprehending them, 
permit the question, whether, in this case, 
the effect is not mistaken for the thing ? 

If the foregoing arguments are correct — 
if the exhalations from burning charcoal have 
the power of condensing air, which it is 
thought will not be denied — if such exhala- 
tions, floating in the air, render it highly me- 
phitic or deadly, which experience has often 
taught ; and as the specific gravity of all bod- 
ies is increased in proportion as they are con- 
densed, p. e. if, without diminution of mat- 
ter, amass is reduced to one half its volume, 
it is plain that a cubic foot will weieh double 
what it would have done before its reduc- 
tion] is it not clear that it is not a new pro- 
duction, in the form and appearance of air 
(called carbonic acid gas) which so operates 
as to produce the above effect ? And d lso 
that it is not burning charcoal which p a ^ u ' 
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or absorbs a part of the volume of air, so di- 
minished and seeming to be lost ; but that 
it is what is liberated by the operation of fire 
from the carbone while consuming, that has 
the power, and does condense and reduce the 
volume of air with which it intermixes. 

Again, is it not certain that air, so con- 
densed, (by the fumes aforesaid) has lost its 
life-continuing power, and is thereby totally 
fatal, without any other septous quality, Op- 
erating directly on the vital organs ■? 

The thing before mentioned is the fumes 
of burning carbone or charcoal, (or carbonie 
acid gas ;) the effect is, that the air is con- 
densed, becomes inelastic, heavy and inca- 
pable of supporting life. 



If we inspect water in its various appear- 
ances, except when congealed to ice, it ex- 
hibits to our view a transparent, elastic fluid; 
but its transparency is greatly short of that ot 
air : the reason of which is obvious — for the 
specific gravity of water is, to that of air, 
nearly as one thousand to one ; consequently, 
the density of water is nearly one* 'thousand 
times greater than that of air ; and therefore. 
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water must be about a thousand times less 
pellucid. 

But the rays of light being almost infinite- 
]y finer than the particles of air or water, far 
the greater part of-them pass through the me- 
dium of air without interruption, by striking 
against its particles ; yet some of them are 
refracted and reflected, in consequence of hit- 
ting, as appears by viewing the atmosphere 
in the twilight ; for though we discern not- 
the sun, we behold a luminous appearance. 

. But water is so dense as to reflect the rays 
of light, in some measure, as powerfully as, 
a, solid substance. The great density of wa- 
ter, to that of air, is also evident, from its 
imperfect transparency — for, notwithstand- 
ing the particles of water are, by the law of 
repulsion, kept at sufficient distance from 
each other, to afford passage to the rays of 
light through a small volume of it, so as to 
exhibit distinct vision while in a quiescent 
state ; yet the least agitation renders vision 
imperfect, and if violent^, produces total ob- 
scurity. But the vacuities in air are so great 
as to afford ample passage for the rays of 
Tight to convey distant vision, although agi- 
tated by the most violent whirlwind. 
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So, also, the density of water appears, in 
its eongealing to ice, by the admixture of the 
matter of cold. 

But, clearly to understand the operations 
of freezing, it seems necessary to have a cor- 
rect idea of the essence of cold. 

It is considered warrantable to decline 
subscribing to the doctrine, that cold is only 
a negation of heat ; (though adapted by ma- 
ny) which is saying that cold has no exis-^ 
tence. To suppose that negation, nihility or 
nothingness can affect or be affected, can oc- 
cupy space, or suffer change of place, is ab- 
surd; 

If none of the foregoing qualities can be 
applied to cold, we ought not to say it is 
cold, but it is not warm ; nor that it is fro- 
zen, but it is extremely not hot ! 

That cold is opposed to. heat, is agreed ; 
and that they are common enemies, ever 
counteracting and repelling each other. 

That cold repels heat, is evident from the 
excess of heat near a fire in extremely cold, 
weather., when we evidently find it much 
more confined and accumulated where the 
air is highly charged with frigid matter, 
than when it is freer from such matter.— 
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Also, a hot iron discharges its heat faster, 
when placed a proper' distance from a fire, 
than when placed in a cold room ; and many 
more examples to the same effect could be 
mentioned. 

That heat repels cold, is evidently shown, 
by a very simple experiment. — Put snow or 
ice (sea-salt added increases the operation) 
into a pewter bason, which place on a pew- 
ter plate, with water in the plate ; set them 
near a large fire, but not on a hot hearth ; 
stir the snow or ice in the bason ; from 
which, while melting, the particles of cold 
will be forced through the bason, and con- 
geal the water in the plate, the bason and 
plate being frozen fast together. In this 
process it is plain that the corpuscles of cold 
are repelled by the heat of the fire, from the 
bason, into the water in the plate ; else, 
whence comes it ? Will any one say that a 
negation or want of heat left the bason, 
went into the plate and there congealed the 
water to ice ? 

Does water depend upon heat for its fluid- 
ity ? If so, the warmer the water, the more 
perfectly must it possess that property. But 
we can discover no very great increase of flu- 
idity when it is near boiling. 
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It is true, oils an<f fat substances discover 
an increased fluidity, very quickly, upon the 
application of heat ; but these possess this 
quality in but an imperfect degree, and re- 
quire the agitating principle of tire, to excite 
into operation, the small portion of the power 
of repulsion which their corpuscles possess, 
to enable them to show any considerable de- 
gree of fluidity. 

Nor is it denied, that water, when violent- 
ly agitated by fire, becomes almost (perhaps 
quite) as fluid as air. But this all does not 
prove that a mere negation of heat congeals 
water. 

Again ; let one, compressing a snow- ball 
in his hand, hold it over a large fire, the hand 
will freeze before the snow is melted ; and 
the nearer the Are the sooner the effect. 

From the foregoing and other like opera- 
tions, is it not plain, that cold itself operates 
in one place, and is capable of being trans- 
ported to another, and there again operates - 9 
and that it is not annihilated or destroyed, 
any more than fire ; but is repelled by fire ? 
If so, its properties ,are those of a real entity 
quite the reverse of negation or nihility. 

It seems enough has been said to prove the 
existence of cold, the admission of which is 
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essential in explaining the operation of 
freezing. Indeed this operation seems con- 
clusive proof that cold is an entity. 

The process of nature, in changing water, 
by cold, from its fluid to a solid state, has by 
some been considered obscure and mystc- 
rious ; and I know of no satisfactory expla- 
nation having been hitherto advanced — it is, 
therefore, with diffidence,, now attempted. 

It is necessary to observe, that the small 
degree of elasticity and rarefaction (unless 
produced by the greatest violence) to which 
water is subject, are proof that its particles 
possess a power of repulsion, sufficient only 
to prevent them from touching in any points, 
so that its fluidity should not be imperfect; 
and consequently, that the interstices be- 
tween them are extremely small, though 
large enough freely to admit the frigid salts 
(called cold) to pass amongst them. That 
the particles of cold pass freely amongst those 
of water, is plain, from tTie great degree of 
cold which water quickly acquires, when ex- 
posed to an atmosphere highly charged with 
them ; ,as well as from another fact, viz. that 
an ice is sometimes first formed at the bot- 
tom of rivulets, called anchor-frost. This 
last is also proof that water does not reoel the 
matter cricoid, 
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To understand the operation of freezing, 
it also seems necessary to consider the law 
of attraction. 

It is a maxim in philosophy, that matter 
attracts matter — and notwithstanding fluidity 
depends upon repulsion, yet this maxim ap- 
plies as well to fluids as solids ; for the pow- 
er of repulsion, which constitutes fluidity, 
seems strictly bounded, unless increased by 
violence ; and its increased operation is in 
exact proportion to the violence exerted. 

The repellant power of the particles of flu- 
ids, in a natural state, has not the least ope- 
ration beyond its bounds ; without which, 
attraction takes place. This admits of occu- 
lar demonstration in a variety of ways. To 
mention one — a drop of water, on a plain, 
forms almost an half sphere, and when dis- 
figured by violence, it regains its form by its 
own power. 

It is doubtless true that the power of at- 
traction, possessed by the particles of any 
matter, is in proportion to their distances ; 
consequently, the attraction, when the par- 
ticles touch each other, (termed attraction of 
cohesion) is extremely powerful. The 
hardest steel, or diamond, owes its resisting" 
power and solidity to cohesive attraction. 
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Two corpuscles of matter touching each 
other, will continue in contact to the endless 
ages of eternity, unless separated by violence. 

This power of cohesive attraction, is the 
rule of God, or law of nature ; and its mode 
of operation is as unseen and as inexplicable 
as the Great First Cause who produced it. 

Our minds, from constant familiarity with 
matter, are struck with an idea that it is 
something necessary and independent ; but 
attentive refleotion will soon make it appear 
plain tb us, that matter, and the lav/s by 
which it is governed, are both equally de- 
pendant on the Creator. 

An adamantine rock does not derive its 
solidity from screws, rivets or hooks, but 
solely from attraction. 

From what can be discovered, it seems ev- 
ident that the atmosphere is the great habita- 
tion or magazine of cold ; but that it is com- 
municable to all other bodies, fire only ex- 
cepted, when they approach a column of air 
in which it is stored. 

That the Sun is the source of heat, is not 
perhaps denied by any one. — It seems equal- 
ly necessary there should be a residence 
found for cold — and we have no proof of its 
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being a foreign substance; but from many 
observations, it appears evidently confined 
to our world.* If so, it seems its great resi- 
dence must be the air or the earth. 

The air, as high as our observation ex- 
tends, exhibits incontestible evidence of its 
possession. The sense of feeling experien- 
ced in cerial voyages in balloons ; and moun- 
tains covered with eternal snow and ice, are 
conclusive. 

But the earth shows no signs of posses- 
sing cold, except what is communicated to 
il from the atmosphere. In the parts of the 
earth nearest the air, cold most abounds : 
otherwise of the air — the nearer the earth the 
less cold. 

That there is no frigid matter, dacp in the 
earth, is demonstrated in a well, at Amster- 
dam, of extraordinary depth, in which, nei- 
ther heat nor cold exists ; the mercury al- 
ways standing at the same degree. 



* If is often faid of fome of the planets, that they 
are *' exceedingly cold ;" but thofe philofophers 
ought to recoiled tint if no cold was depofitcd with 
them at creation, nor any fince generated, they 
•mufl: be without it. 

D 
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That the matter of heat penetrates some 
depth into the earth is evident from an ob- 
servation (if well founded) concerning eel- 
Jots, in which, when plastered (than which, 
perhaps, nothing of the same thickness more 
powerfully resists the passage of heat and 
cold) from about the surface of the earth 
upward, the effects of frost are prevented; 
but when plastered also downward, to the 
bottom of the cellar, the effects of the frost 
are evident, from its destructive operation on 
the culinary matters pluGed there for safety. 

Also, from an observation in ice houses; 
where, it appears, ice., placed in winter, re- 
mains congealed through the summer and till 
trie surface of the earth is sealed by frost, in 
the winter following ; when it is soon dissolv- 
ed, and returned to its fluid state. 

The same operation of heat produces the 
effect in both the above cases. 

The particles of heat or fire, which, the 
preceding summer, had penetrated into the 
earth, and are slowly emerging again in the 
winter, arc stopped at the surface of the 
earth, which then is rendered impervious to 
them, by frost, They, then, take a lateral 
course, the way where they meet the least re- 
sistance; and when they are not resisted bv 
die plastering, find easy admittance into 
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those cellars; where they repel the particles 
of cold which had been' admitted, through 
the floors, S&c. from the atmosphere above, 
and prevent the operation of freezing. Bitf, 
when the plastering extends from the surface 1 
of the earth downward, to the bottom of the 
cellar, those emerging particles of heat are 
thereby obstructed from entering the cellar, 
and there preventing the damage of U-ie frost. 

At the ice-house, the emerging heat, find- 
ing no resistance, easily enters, repels the fri- 
gid salts, and dissolves the ice. 

It also seems evident, that the specific grav- 
ity of the matter of cold is the same as of air. 

That the higher regions of the atmosphere 
are always highly charged with cold, I do not 
consider as any proof, that the matter of cold 
ib lighter than air; but that the rays of heat, 
passing directly through those regions v are in- 
sufficient to repel the particles of cold from 
their high abode. 

For ice may be formed into a lens, by 
which the sun's rays may be«brought into a 
focus, without operating very much on the 
ice so formed. And further ; the sun's rays' 
at the surface of the earth, where they are ac- 
cumulated in sufficient quantities, repel the 
corpuscles of cold, .and drive them upward. 



40 Inquiries concerning 

An attempt has been made to prove that 
cold is not a negation, but an entity. The 
power of attraction has been considered. — 
Arguments have also been used with a de- 
sign to make it appear, that the interstices or 
vacuities between the corpuscles of water 
are extremely minute — that water does not 
repel the particles of cold — and that the spe- 
cific gravity of the matter of cold and air are 
the same ; all which seems necessary to be 
understood and admitted, in order to under- 
stand and explain the process of congealing 
water to ice : and it may not be amiss to ob- 
serve that no substance is susceptible of 
freezing^except water, or that which con- 
tains an aqueous fluid, in which the fluid 

le receives the frost. 

After all these considerations, is it a hard 
tiling to conceive that when a volume of air, 
charged with frigid matter to the freezing 
degree, comes upon the surface of water, it 
will discharge, to the water, sufficient frigid 
particles (for the thermometer proves, that 
the degree of heat and cold will, in all cases, 
shortly come to the same in air and water, 
which are adjacent) to fill the vacuities, in 
the water next the air, so that the corpuscles 
of cold and water may touch (for the repel- 
lant power, which keeps the corpuscles of 
water from touching one another, is not cal- 
culated to repel those of cold, but admits 
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them within the sphere of repulsion) in points 
enough to cohere and give solidity to the 
compound of cold and water, or in other 
words, to form ice ? 

Can anv conceive that merely depriving 
the water of heat can congeal it ? If there is 
such an one, a little reflection may convince 
him of his error ; for there is a state that is 
neither hot nor cold, but totally indifferent to 
both — this is demonstrated by the well (be- 
forementioned) at Amsterdam, of such depth 
that the mercury in the thermometer always 
stands at the same degree. 

The vast depth of this well prevents the 
materia solis from ever reaching its bottom, 
consequently there is a perfect negation of 
heat. 

And if cold is only a negation of heat, this 
must be the coldest place throughout the 
world ; but fact shows it to be otherwise. 

Something similar to this well (though 
less perfect) are cellars made for guarding 
against excessive cold and heat j in which 
the dagree of heat and cold does not differ 
greatly in summer and winter. Those who 
adopt the doctrine that cold is only the ne- 
gation of heat, ought to let their principles 
and conduct agree, and not put their vegeta- 
d 2 
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bles, designed for use in winter and spring, 
into a room or cellar sunk into the earth, for- 
tifkd with a wall, the wall banked with grav- 
el without, and plastered within, and the 
whole covered with a house I and all for 
what ? to exclude and prevent the entrance 
of that which they den) r has an existence ! 
(i. e. cold.) 

And will not this equally prevent the en- 
trance of heat ? And the more perfectly the 
heat is excluded, certainly the more intense 
must be the cold, if this doctrine is true. — 
But, if they act according to their principles, • 
they will place therr vegetables on the high- 
est ground, uncovered, that there may be no 
obstruction to the reception of heat : for ad- 
mitting the truth of the doctrine, which ex- 
cludes the existence of cold, they need not 
fear any damage from its power in any 
situation. 

From all of which it seems that it is not. 
the want of something which congeals water ; 
and if it is not the want, it must be the ad» j 
dition of something. 

If so, what can be the added matter but 
cold? 

For cold, when accumulated to a certain 
degree,, never R,: *- *~ — ■ effect 
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which nothing but cold ever does produce ; 
nor that, in any substance, except water. 

The increase of the volume of water pro- 
duced by freezing is another evidence of the 
proposition, that particles of cold are employ- 
ed in the operation. That water swells near- 
ly in proportion to the quantity of the matter 
of heat k receive*, and lessens again as it 
parts with it, is too obvious to be denied. — 
That water swells by freezing, is equally ob- 
vious. How absurd then to say that water 
lessens in bulk, in proportion as it is deprived 
of heat ; but when greatly deprived, its bulk 
is thereby increased. 

This is a language which cannot be dis- 
connected with the idea that cold is nothing 
but a negation of heat. Errors admitted 
for truths, necessarily lead to absurdity. 

No one will argue that the absolute gravi- 
ty of water is diminished by freezing, (t. e. 
that a pound of water will veigh Irss after it 
is frozen) which it must, if its bulk were 
increased without the addition of matter. — 
But the writer hazards an opinion, that it 
will weigh more than a pound after freezing, 
provided that no part of the water evaporates 
or is exhaled, which it may do, either before 
or after being frozen, if not closely covered. 
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Again, if water were increased in volume 
without the addition of substance, it must 
necessarily become specifically lighter ; for 
specific gravity generally depends upon the 
quantity of matter contained in a given space 
— therefore, If a pint of water should be in- 
creased in volume one eighth, without any 
addition of substance when weighed in the 
air, it must have lost nearly one seventh part 
of its specific gravity ; i. e. if its heft, before 
increased, was eight ounces after freezing, 
one pint only will weigh but seven and one 
ninth. 

But if the supposition is true, that the mat- 
ter of cold and air are of the same specific 
gravity, and the addition of one eighth should 
be of the mxtter of cold ; then, if weighed in 
the air, its specific gravity will be altered in 
a small degree from what it was before the 
addition ; but its specific gravity to that of 
water will be materially altered. 

Let a pound of water freeze, and weigh 
the whole bulk in iLs incre->ed state, and 
(the particles of cold being of the same rela- 
tive gravity as the air in which it is balanced) 
it will weigh the same as before, with the 
trifling addition of that portion of the matter 
of cold, which, without aiding to increase 
the bulk, finds room in the before unoccupi- 
ed interstices, and this small increase of heft 



the Laws of Nature. 45 

vvouid be but just discernablc ; when, if its 
bulk were expanded without the addition of 
matter, it would be proportionally lighter. 

Plainly to exemplify this subject, suppose 
a bladder, which in a colapsed and empty 
state will measure one cubic inch, to weigh 
an ounce in the air ; distend it with air, 
and its heft weighed in the air will not be al- 
tered — it will still weigh an ounce : but, in 
water, (although it would have sunk when 
empty) the increase of bulk will be material ; 
instead of weighing an ounce, it will buoy up 
a pound weight. 

This diminution of specific gravity is stri- 
kingly exhibited in the vast islands of ice 
which are seen floating, in some instances, in 
the northern seas, rising sometimes fifty feet 
above the surface of the water : and experi- 
ence has taught that ice projects about one 
tenth part of its thickness out of the water in 
which it swims. But to determine accurate- 
ly, water's increase of volume by congealing, 
is not an easy matter ; for the empty spaces 
between its corpuscles will receive some of 
the matter of cold, which will augment its 
gravity without adding to its volume. — 
Again, the ice which is forced above the sur- 
face, by the superior gravity of the water 
which the part under the water receives ; that 
above bt sorted by the 
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atmosphere only, which -is nearly one thou- 
sand times lighter than water, adds further 
to the difficulty. 

Nor will any argue that the specific grav- 
ity of water congealed, is diminished by be- 
ing deprived of heat ; for it is evident, from 
observation, that the specific gravity of water 
is diminished, in proportion to the quantity 
of heat applied to it : nor have we any evi- 
dence that the matter of heat is in any meas- 
ure subject to the common law of gravitation. 

The state in which living animal substan- 
ces and vegetables appear, which h;n e un- 
dergone the destructive operation of frost, 
adds anoiher strong proof of the truth of the 
foregoing proposition. 

Upon examining a bed of cucumbers af- 
ter a frosty morning, a variety in the opera- 
tions of the frost on the different plants may 
be discovered. 

This is owing to the state of the plants 
when the matter of cold is applied ; for the 
plants, whose sap- vessels are most distended, 
by absorbing the dew with which they have 
been covered the preceding night, will suf- 
fer the greatest injury, (and probably some 
of them are in a state much more favorable 
to inhalation tl i § y ~ ■■ " tive ef* 
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fects of frost, being in proportion to the ful- 
ness or distension of the sap-vessels of the 
vegetable which suffers freezing. 

This is plain, from observing, that no dry 
substance suffers by frost ; and we see some 
plants which exhibit no apparent marks of 
injury, (yet may have suffered latent mis- 
chief) although equally exposed with those 
that are totally destroyed. 

The more or less the sap vessels of the 
tender plants are filled with fluid, the greater 
or less quantity of frigid salts they w ill re- 
ceive ; and they will also be proportionally 
dilated, by the intervention of the matter of 
cold, by which those tender vessels must, in 
like proportion, be torn, burst and destroy- 
ed ; and we find some of them quickly show- 
ing every mark of decomposition — all of 
which is produced by the operation of the 
matter of cold within the substance of the 
plants ; for they sustain no injury from the 
dew which is congealed upon their surfaces. 

The reason wc do not find destructive ef- 
fects, produced by a cold morning, suc- 
ceeding a night in which they have not 
been moistened by the falling dew, is because 
the sap- vessels are but partially filled, and 
their coats in some measure colapsed, where- 
fore thev ' '' jn -*~tien of their 



48 Inquiries concerning 

contained fluids without suffering laceration, 
and in such an unmoistened state may possi- 
biy survive being frozen to stiffness. 

It ought to be observed that they may suf- 
fer as much injury by the expulsion of the 
matter of cold, as' by its entrance, in the op. 
eration of freezing ; for when the sun's rays 
strike with considerable force at first, the 
particles of cold are suddenly driven and 
crowded more strongly together in some 
parts, which are more forcibly distended than 
before. Again, in this hurried state, they 
may be forced back into a part from whence 
they were previously driven, and again con- 
geal the sap within the before injured ves- 
sels, which, in this second operation, are 
much more liable to injury than at the first. 

Much of the foregoing is somewhat ex- 
emplified by <"he operation of frost in a pota- 
toe ; than which, no vegetable perhaps is 
more filled with aqueous fluid, and conse- 
quently, n®ne more suddenly suffers perfect 
decomposition by freezing. 

Yet, notwithstanding, the frozen potato*, 
if rightly managed, may answer a useful 
purpose for food. 

This depends on preventing further des- 
truction to f " tanQ T 
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by extracting the matter of cold, and also, 
hindering what has already taken place from 
increasing. 

Put the potatoe, when frozen hard into 
water, possessing no particles of heat, and 
less cold than is sufficient to congeal it. — 
The particles of cold at the very surface, 
first spontaneously recede from the potatoe, 
into the water; for by the laws of nature, by 
which they are governed, they are compell- 
ed to be equally distributed to every part of 
the aqueous fluid, in which they reside. 

At first, suddenly rushing from the pota- 
toe, they congeal the water adjoining, and 
form round it an icy shell, which quickly 
checks all hurry in their discharge ; hence 
those further back, pass slowly through the 
open ways, but just left by the preceding 
particles. — In the same manner the rest pro- 
ceed, until the corpuscles of cold are all dis- 
charged quite to the centre, and by this pre- 
caution, are transmitted through the sub- 
stance of the potatoe, without further lace- 
rating and injuring it. 

After which, allowing no time for putres- 
cent solution of continuity, (ever ready sud- 
denly to begin, in such a lacerated and bro- 
ken state of vegetable substance) let it be in- 
stantl' , there to under- 
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go sufficient decoction to prepare it for food, 
and it will prove pleasant and salubrious. 

Another method is, to cast the potatoes, 
frozen, into boiling water. In this opera- 
tion, although the texture of the sap- vessels 
of the potatoe is much more broken, by the 
sudden and confused movement of the mat- 
ter of cold from its confinement in the con- 
gealed substance than by the former process; 
vet the instantaneous application of heat, to 
such a degree, resists all tendency to putres- 
cency, and prevents any further destruction 
of the vegetable substance. But the former 
method is thought best. 

The effect of freezing in living animal flesh, 
is, perhaps, a total destruction of the skinny, 
muscular and vascular substances, as deep as 
the fi aids contained are perfectly congealed. 

An expansion of those fluids is produced 
in the same manner as has been observed 
with regard to frost in vegetables, by which, 
those very fine and tender vessels are so la- 
cerated and wounded as to prove fatal to 
them, and which must, faster or slower, oc- 
casion a total decomposition ; the matter 
gradually sloughing off, and leaving an ulcer 
to granulate and cicatrize. 
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The art of treatment consists, principally, 
in such management as may prevent the cor- 
puscles of cold from penetrating deeper, 
when they come to be operated upon and re- 
pelled by the particles of heat, which alone 
can be safely applied from within the body : 
indeed the great art' consists in preventing 
any heat from operating outwardly. 

This method, experience has long since 
established ; but the practice has been alto- 
gether empyrical. In consequence of the 
idea prevailing, that cold is not an entity, arfd 
being guided by no theoretical principles, 
many errors in practice have taken place. 

The treatment prescribed, has been to im- 
merse the affected part in cold water, or oth- 
erwise to apply to it, or to rub the part with 
snow or ice : but without any knowledge 
concerning their operation, or being able to 
give a just reason why these more than any 
other things should be useful ; yet, the prac- 
tice has in many instances proved extremely 
salutary. When the wnole matter is under- 
stood, it is an easy thing to prescribe accu- 
rately. 

Since we discover, from so many opera- 
tions, that cold is a real entity, and under- 
stand the manner in which it operates to con- 
geal aqueous fluids, and that it is repelled by 
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the particles of heat, it is easy to conceive, 
that when a part of the body is frozen, if heat 
operates outwardly on the affected part, it 
must drive the particles of cold deeper into 
the flesh ; but if it operates from within, it 
will expel them from it. 

It is then plain, that to prevent the heat 
from operating without, (and that, before 
the part is exposed to the air of a warm room) 
it should be covered with water possessing 
less cold than is sufficient to congeal it, but 
entirely destitute of particles of heat, that 
they may not drive the particles of cold deep- 
er into the flesh, and that all resistance to 
their exit outwardly, should thereby be pre- 
vented. In this state the internal heat of the 
body will repel the frigid matter from the 
congealed fluids outwardly, which meeting 
with no resistance at the surface, will pass 
oft* without further injury to the parts. 

That snow or ice should never be used in 
cases where water cannot be had, or cannot 
be applied for want of conveniences, I will 
not positively say,; but if they are used, the 
patient must not come into an air warm 
enough but slowly to melt them ; for if they 
thaw, the particles of cold must go some- 
where, and in all probability they will be re- 
pelled to the flesh, to which tihe snovy or ice 
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is applied, and instead of relieving, will in- 
crease the malady. 

Should any one doubt this, let him try the 
experiment (before-mentioned, page 32) of 
the ice in the bason, set into a plate contain- 
ing water, and he will be convinced that the 
heat from the fire repels the matter of cold 
through the bason, into the water, which he 
will find congealed, near a hot fire — or let 
him continue to hold snow in his hand, within 
the influence of such a fire, and his hand will 
freeze — (see page 33.) Why may not the 
frost be as well increased by a similar opera- 
tion, on the part already frozen, as in the 
above experiments ? 

If in a forest, or an uninhabited road, or in 
any other similar situation, the weather being 
intensely cold, one should be frozen, would 
not the application of snow or ice, without 
doubt, increase the frost, as much at least as 
the cold air which it is designed to exclude ? 
If so, there would be an impropriety in the 
application. 

But, ifa spring, unfrozen, could be found, 
the application of the water would be prop- 
er, unless the part must again be exposed to 
undergo the operation of freezing, and in 
such a cas.c, all wet applications had better 
be omitted. 
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Again, if snow is applied to a frozen part, 
in an air sufficiently warm to dissolve it exter- 
nally faster than the warmth of the body does 
the congealed fluids within the part, I think 
it is clear that the frost in the flesh will be 
increased by it : and if the air is so cold as 
not to dissolve the snow, then the air will do 
no injury and need not be excluded by any 
application ; (for it is warmth only that is to 
be guarded against) therefore, the snow is 
unnecessary. Upon a full view of the mat- 
ter, I much doubt the propriety of ever ap- 
plying snow as a remedy in a case of frost. 



Ice is sometimes formed in situations in. 
dicative of great singularity ; sometimes fall- 
ing from the atmosphere in irregular and 
large lumps, and sometimes formed at the 
bottom of rivulets, and even small rivers. 

In attempting to explain the operations of 
nature in forming hail, some particulars, 
which at first view, may seem not closely 
connected with the subject, require attention. 

The water, which is the principal ingredi- 
ent in the composition of hail, i§ exhaled 
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from the earth, the ocean, and other collec- 
tions on its surface. 

The operation of exhalation is somewhat 
obscure ^ but it seems effected principally 
by the action of fire, the agitation of the air 
or wind, and by fermentation ; all ol which 
appear to perform their office by violence : 
from which agitation and disturbance, the re- 
pellant power annexed to the particles com- 
posing the water, is excited to an operation 
far beyond the common bounds, and extend- 
ed to such a degree that they occupy a space 
sufficient to cause them to agree in specific 
gravity with air. 

A want of sagacity, too common to man- 
kind, appears many ways; but in nothing so 
much as in not discovering and admiring the 
wisdom of omniscience displayed in the 
beautiful and harmonious works ol nature ! 

It seems evident that the coq^uscles of 
whieh water is composed, are perfectly uni- 
form in size, form, density and gravity ; and 
that in their natural state, the power or law 
of repulsion which constitutes fluidity, is, in 
its extent, also perfectly uniform ; (that their 
distances from ea^h other may always be ex- 
actly the same) and also, that their repellaht 
power has no operation towards many, if 
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towards any substances, except air and each 
other. 

Wherefore some quantity of many sub. 
stances is admitted among them without the 
least increase of volume, and some of the 
first importance to man and beast. In wa- 
ter, the particles of cold, fire, &c. — in air, 
almost innumerable matters : all of which 
only fill the empty spaces or vacuities neces- 
sary to the operation of those elements, into 
which they are admitted : by which provis. 
ion, there is a perfect plentitude in creation, 
and yet the fluidity of water, air, &c. is 
sufficiently preserved, to answer the purposes 
for which they were designed ; and by the 
uniformity abovementioned, the transparen- 
cy, &c. of water and air are much more per- 
fect. 

Again, to come more directly to the point 
in question, the rarefaction and exhalation of 
water depend entirely upon an increased or 
extended operation of the aforementioned 
power or law of repulsion. In this, again, 
we discover a beautiful uniformity; for the 
purposes of exhalation could not have been 
answered, had not the specific gravity of the 
exhaled particles of water been brought to, 
or very near that of air — and from every ob- 
servation that comes into view, it appears 
that the rcpcllant power of each particl-. h 
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capable of, and when excited, does increase 
to exactly the same extent ; so that the par- 
ticles composing the exhaled water, (now- 
called steam, vapor, fog, mist or cloud) pos- 
sess an uniformity in all those particulars al- 
ready observed in water before its exhalation. 

It has been mentioned that fire is one of 
the principal agents in producing rarefaction. 
— Let us consider its operation in a vessel of 
cold water placed over it. Soon after the 
fire begins to affect it, a vapor arising from 
the water, is discoverable ; which is produ- 
ced by the operation of the fire, exciting the 
repellant power which the corpuscles of wa- 
ter possess, to an extent far beyond its natu- 
ral bounds, when quiescent. This steam, 
together with a gradual swelling of the vol- 
ume of water in the cistern, increases as the 
heat in the water accumulates. 

All the foregoing operations seem to be 
brought about in the folloAving manner : — 
As soon as a sufficient quantity of the cor- 
puscles of fire have penetrated through the 
cistern, the repellant power of some one par- 
ticle of water begins to be extended, which 
particle, thereupon, instantly becomes an at- 
tractor of fire, whereby it impels, within its 
aforementioned sphere of repulsion, as many 
of the particles of heat as its attractive pow- 
er (\v* u: ~ u ~~ "— ♦•**• — Giw only) requires , 
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which particles it has sufficient power to re- 
tain, till the design of their accumulation is 
answered : (and the purpose of this may be 
various ; perhaps, principally, to distil in 
showers of rain, that the earth may be pro. 
ductive, &c.) This accumulation of parti- 
cles of fire, preserves the rarity of the ex- 
haled particles of water, by which they con- 
tinue to move with the air in which they 
float, till by some inexplicable operation of 
the laws of nature, they are collected into 
close order, so as to form clouds ; which, 
when thus collected, and a cold stratum of 
air is suddenly mixed with the warmer in 
which they float, are condensed in the same 
manner as the exhaled vapor, from the boil- 
ing 1 copper, is, by the coldness of the worm 
of the still. 

Although we can assign no reason why the 
operation of cold does not condense the ex- 
haled particles when scattered remotely from 
each other, yet the reason why it should so 
be is obvious ; for if as soon as an exhaled 
particle approached air, charged with cold, 
it must be condensed and precipitated singly 
to the earth, it seems we should seldom, if 
ever, have showers of rain ; for by the col- 
lection of those particles, clouds are formed, 
from which the rain descends. 
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Dews only, night and day, would be all 
we could expect ; which, hi summer, in 
days when the sun shines with vehement 
heat, (and no clouds to shade the earth could 
be expected) would exhale nearly as fast as 
they would fall. 

But the matter of heat is not the only agent 
which causes exhalation — it has been ob- 
served that fermentation and agitation of the 
air produce it ; so, also, do all kinds of agi- 
tation. Let a bottle, filled with hot water, 
be violently shaken, and the pressure within 
shows a great degree of rarefaction of the 
contained fluid. 

Yet, we have no evidence, nor does it ap- 
pear probable, that the exhaled matter, pro- 
duced by these last, where fire does not aid 
in the process, ever is carried high in the at- 
mosphere, but that it is soon precipitated in- 
sensibly, by night and day, in iorm of dew ; 
though in the day it is again so suddenly ex- 
haled by the operation of the sun's rays, that 
we do not perceive it. 

The exhalations from cateracts, where a 
large volume of water falls with great vio- 
lence on enrgged rocks, is very great, but 
seems quickly precipitated in form of spray : 
although wafted with the. wind many rods, 
and at 1 * carried miles; 
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yet we have no evidence that any part is ap- 
plied in the formation of clouds, or distilled 
in regular showers of rain. 

It seems probable, that in all instances, as 
soon as an extension of the repellant power 
of a particle of water, when excited by fire, 
begins to take place, that extention is instant- 
ly carried to its utmost limits ; (for the par- 
tide of water now becoming an attractor of 
fire, as soon as the operation begins, imme- 
diately attracts to itself its full supply of the 
particles of fire, if sufficient number are with- 
in its power) and that, till thus extended, 
not the least rarefaction of the other particles 
composing the volume of water takes place. 

This rarefaction occurs, not in one corpus- 
cle only, but in an inconceivable number, at 
the same time. 

It is plain, if the occupancy of a single 
particle is extended a thousand times beyond 
its former space, that the whole mass will be 
swelled as much as that particle occupies 
more than before ; and when the operation 
takes place in millions of millions, it may 
become perceptible. 

When we consider that the specific graviiy 
of water is to that of air, nearly one thousand 
to one, itisc: ^ 
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before k can float in air, must become nearly 
one thousand times lighter ; to produce 
which, it must occupy nearly one thousand 
times more space than before — and when 
thus lightened, the surrounding unrarcficd 
water, must, with the greatest force, propel 
those rarefied particles to the surface, and 
powerfully project them from the mass ; and 
this in a perpetual increasing shower during 
the increase of heat. By this operation the 
greater part of the matter of heat which is ap- 
plied to the water is removed from it ; each 
rarefied particle carrying along with it all the 
feetit which it h.is attracted withm its sphere 
of repulsion ; hence the propriet}- of covering 
a cistern to hasten its boiling. 

Nothing therefore is plainer, than that ex- 
halation, beyond any other process, exhausts 
the matter of heat from any substance in 
Which it is accumulated. — And this, constant 
experience also demonstrates ; for the warm 
breath from the lungs, destitute of cold, 
blown upon hot tea, by agitation, cools it; 
so indeed does shaking the cup of tea. The 
smith Wets the iron which has become hot, 
that it may exhale steam, to cool it : and so 
with innumerable other instances, within the 
observation of every one. But the ther- 
mometer decides with the greatest accuracy ; 
which being placed in a proper situation to 
show " " - 't the bulb with 
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water, and while it is exhaling from the sur- 
face, the mercury within will sink some de- 
crees, and after the exhalation has ceased, 
will rise again to the degree at which it stood 
before wetting : but if highly rectified spirits, 
which will exhale much faster, are used in- 
stead of water, the mercury will sink much 
lower. 

Hitherto we have considered the operation 
of water, when acted upon by a small degree 
of heat; but when the accumulation of fire 
in the interstices of the water is so great that 
the mercury rises to the 212th degree, on 
Fahrenheit's thermometer, the operations are 
so increased, as to exhibit very different ap- 
pearances. Nor can art (although invention 
should be exhausted, to apply more heat un- 
der and around it) augment the heat of Che 
water in an open vessel, beyond the aforesaid 
degree ; for when it rises to the 212th deg. 
the water is saturated with fire. All further 
additions of its particles are instantly applied' 
in rarefying or extending the power of repul- 
sion of particular corpuscles of the water, to 
which the superabundant particles of fire are 
instantly attracted, (as before explained) and: 
as suddenly, by the force of gravitation ex- 
pelled from the remaining mass. 

This operation, taking place in an Enu- 
merable quanti- Llses 
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that violent agitation, called boiling : and al- 
though the exhalation of but one particle, 
augmented to nearly a thousand times the 
size of the remaining, and forced through 
and from the mass, must produce an ebulli- 
tion, yet no apparent boiling takes place- 
short of the above degree, when the ebulli- 
tion becomes general. 

Notwithstanding the impossibility of in- 
creasing the degree of heat in water in an 
open vessel, yet, in a vessel in which the 
steam or exhaled matter can be confined, 
(such as Papin's digester) a quantity of heat 
may be accumulated, sufficient to melt lead, 
tin, &c. suspended in the midst of the water, 
and, in a short time to boil boaes, &c. to soft- 
ness. 

And we need not be at a loss wKere the 
heat iVom an open vessel goes. Let one 
apply his finger to the aperture, in the cov- 
er of one of Rumford s boilers, when in op- 
eration, and he wiil be convinced what be- 
comes of the heat. 

This rarefiable property cf water, when 
thus acted upon by fire, is the power by 
which the steam engine moves the wheel 
with such force ; which, when the principle 
is generally understood, promises great ben- 
efit to mnnlnnrt : esneeiidlv in those parts 
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where competent streams of water are not to 
be found— a power which may be continued 
witkout great expence, and wants only the 
ingenuity of the mechanic, to enable it toper- 
form those operations, which, by the usual 
modes are extremely slow, painful and fa- 
tiguing to animal bodies. 

The preceding facts, established by ex- 
yeriments, seem conclusive evidence of the 
correctness of some of the foregoing hypoth- 
eses ; especially those concerning the man- 
ner in which exhalation is effected, the rare- 
i action of the exhaled particles continued) 
&c. &c. 

Water thus combined with fire, and es- 
• haled, becomes what is termed gas, elastic 
fluid, aeriform fluid, or elastic vapor ; of 
h chymists tell us there are a great vari- 
<"y ; and, according to their mode of dis- 
tinction, they may as well tell us at once that 
the variety is without end ! 

Notwithstanding it has been considered 
that no particles of water, exhaled without 
the aid of fire, are ever long suspended, or 
carried high in the atmosphere, it is not in- 
tended that the exhalation for that purpose, 
must in all cases be performed near a burn- 
ing fire. The matter of fire directly from 
trie fuv, end the nnfi-TrWoP «•.-■<• -- * 
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stances, of which it is an elementary compo- 
nent prt, (when by solution of continuity, 
some of their component parts are scattering 
in air, and some falling to the ground, and 
the particles of water are rarefying by fer- 
mentation ; which ever takes place where 
putrefaction is progressing,, whether in ani- 
mal or vegetable substances, and probably in 
all others— the particles of fire being by the 
same destructive process set at liberty) are 
as ready to be attracted by the particles .o.f 
water rarely ing, as in the .cistern aforemen- 
tioned ; and the exhaled particles of water 
are thereby as well supplied with the parti- 
cles of fire, as those which exhale from the 
cistern where fire is the sole agent. 

But wiien compound '■ substances are dis- 
solving and their component parts returning 
to their native state, the decomposition is not 
suddenly perfected ; the exhaling, watery 
particles, carrying along with them more or 
less of the partly decompounded materials of 
the putrefying or otherwise dissolving sub- 
stances ; and as the*e matters are innumer- 
able, the gases, (as they are called) will also 
be innumerable in their operations on our 
senses, and also in their effects ; some being 
destructive to life, &c 

■• 

It seems there are r some maftecs -which 
mixing with exhaling aqueous fluid', serve 
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to combine the fire, which it attracts much 
more strongly, and cause some of those 
gases to become much more permanent than 
Others : still, considering them only as ex- 
halations, I can see no reason why they should 
be accounted serial substances, more than the 
effluvia of a rose which floats in the air. 

. We are told that water makes air 5 but I 
believe the only way in which it is changed 
into air lias been explained in accounting for 
exhalation, and that when again condensed, 
it is as much water as if it had not been rar. 
cfLed; 

That water seems to be transformed to air; 
bay be seen in many operations. The ap- 
pearance of bubbles of air may sometimes be 
seen at the bottom of ponds, where the mud 
is composed of putrefying vegetable substan- 
ces.— But those bubbles are filled only with 
the particles of water, rarefied to the lightness 
of air, (as before explained) by the fermen* 
tation in those dissolving substances ; or 
they may be filled with real air, which has 
b.cen set at liberty from those decaying sub- 
stances, and confined by some viscid or slimy 
matter from the same source, strengthened 
by the equal pressure of the water on ?he sur- 
face of those bubbles y which air, finding no 
avenue by wh,ch to escape, underneath their 
bases, 1S confined, until by a disturbance, the 
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"water ceases to press equally upon them, 
When they burst, and the superior gravity of 
the water fovees the lighter fluid to the sur- 
face. But the most perfect likeness of 
air occurs in water, while agitated by the 
greatest ebullition over a fire, when it appears 
to be only bubbles of air. But the fact is, 
there is not a single particle of air in it ; for 
air, in its mean state, is nearly a thousand 
times lighter than water — and though water 
is capable of being rarefied, in its utmost ex- 
tent, to about the same specific gravity of 
air on its medium, yet, to rarify it lo the ap- 
pearance of bubbles of air, (us above) re- 
quires a degree of heat, which would rarefy 
air probably to more than one hundred times 
its medium state ; when, if but five times 
more, the particles of air would become near- 
ly five thousand times lighter than those of 
water. By such inequality of specific grav- 
ity, the heavier would project the lighter from 
among them, with inconceivable velocity ! 

If there is air in water, from whence is it 
derived? and how is it admitted ? are ques- 
tions worth attention. Will any one say that 
a lighter substance will spontaneously sink 
down into another, five thousand times heav- 
ier than itself, where there are no inter»tlces 
to receive it, but which it must make by 
force of its gravity ? For experiment shows 
there are no vacuities among the corpuscles 
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of water sufficient to receive air— as water 
mav be forced through gold, but air cannot; 
and yet water is nearly one thousand times 
heavier than air. Is "it possible then there 
can be vacant room among the particles of 
water sufficient to receive air ? Again \. 
from a state of coldness, it needs no other 
operation but that of fire, on the water in the 
cistern, to produce the appearance of air- 
bubbies. 

From what has been already remarked, it 
seems clear, that air does not descend frora- 
the surface into the water : nor will any one 
hazard an opinion, that it passes through the 
cistern ; for whether made of gold, silver, 
copper or iron, the effect will be the same on 
the water. Many other arguments, to prove 
that water contains no air, could be adduced. 

It seems tfctt the striking likeness which 
water, when rarefied to exhalation, bears to 
air, has led many into the error, that there is. 
air in water, and that water may be transmu- 
ted to air ; but experiment shews that altho ,; 
it appears to be changed to air, it is easily re- 
turned to its primitive state- 
It has been mentioned that exhalation is 
also produced by the operation of the wind 
This takes place in the coldest weather, and 
even from water congealed to ice. 
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We ought not to be surprised at the idea 
of the exhalation of ice ; for if the power of 
the wind exceeds the attraction of cohesion 
between the outer stratum of the particles of 
water composing the ice, and the corpuscles 
of cold which are wedged in between them 
and the next stratum of particles of water, it 
is easy to conceive that the cohesion by 
which the outer stratum of particles of water 
are held, will be broken off, and those parti- 
cles go adrift in the wind ; and perhaps more 
readily when the water is congealed, the par- 
ticles of water being then raised asunder by 
the intervention of those of cold ; and when 
the outside layer of particles of water are 
gone, there is nothing to hold the outer lay- 
er of particles of cold, now exposed naked to 
the power of the wind, except the slighty 
contact of each one, touching in one point 
only : doubtless, it is as natural for them to 
let go that small cohesion and float in their 
own element, the air, as to remain inactive ; 
perhaps much more so. 

It is a common saying among those who 
are in the practice of washing and drying 
clothes, that they will freeze dry in cold 
weather ; and I think it is probable they will 
dry faster by the operation of the wind, when 
frozen, than when not — for (as before ob- 
served) when frozen, the corpuscles of water 
are raised further apart, than when unfrozen^ 
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and if once stirred by the wind, they are per- 
fectly at liberty ; but when not frozen, allho 
the volume of water is almost infinitely less 
than the eye can discern, yet there may be 
eddies and" whirlpools, both upon and within 
the threads composing the cloth ; and not- 
withstanding all this commotion, the attrac r 
tion of particle to particle, and of particle to 
the cloth, may, in a great measure, resist the 
power of the wind. 

But water possesses a property almost dia- 
metrically opposite that of rarefaction, and 
one which is peculiar to itself ; which is that 
of congealing to solidity, by the admixture 
of the matter of cold, as before-mentioned.— 
This, in cold climates, is common ; but there 
are some instances in which (even in such 
regions) it appears singular. It sometime? 
descends through the atmosphere in large ir- 
regular lumps, and is sometimes formed at 
the bottom of brooks and small rivers. 



In attempting to explain the operations of 
nature in the production of hail, some things 
which seem not altogether connected with 
the subject, re^juire attentioo. 
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The operation of exhalation has been 
much dwelt upon, and an attempt has been 
made to prove the combination of fire with 
the exhaled particles of water, for the pur- 
pose of continuing their rarety, till they are 
collected in the form of clouds, in a proper 
situation to be (by another power) conden- 
sed, &c. 

From observing the operation in a worm 
of a still* it is plain that such combination 
cannot resist the power which cold ; assesses, 
to condense such exhalation ; it seems ne- 
cessary, therefore, to show that the exhaled 
particles of water are (by an alwise provision 
in the arrangement of the works of creation) 
continued in a warm volume of air, although 
carried high in the atmosphere, until it is 
proper for them to descend in the form for 
which they were designed. 

No one will dispute the perpetual existence 
of cold, high in the atmosphere ; but th?.t 
there are several strata of warmer and colder 
air, one above another, may seem hard to de- 
monstrate ; yet, without such, there can be 
neither hail, snow or rain, and when properly 
attended to, it may appear as easily produced 
as anv other operation of nature ; for we are 
certain, from observation, that laterally to the 
earths surface, there is such variety. 
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We also know that the air is never quies- 
cent, but continually suffers intestine mo- 
tion ; and that air is rarefiable by heat and 
becomes lighter in proportion to its rare- 
faction. 

Let us then suppose a volume of air, one 
hundred miles square on the earth's surface, 
and one mile in depth, and that it is warm 
and rarefied, "the northerly part adjoining a 
cold and condensed air, and a like air resting 
upon it above ; is it not easy to conceive that 
the heavy air on the north will press under 
the lighter, wrnch must consequently be 
raised ? suppose a strong southerly wind 
drives the warm air northward ; will it move 
on the surface of the earth ? certainly not ; 
but take a course angular to the earth's sur- 
face, of about five or ten degrees elevation, 
according; to circumstances ; nor willitsud' 
denly mix with the circumambient, cold air. 

Two volumes of fluids, unless forced by 
violence, mix but slowly, even in small ves- 
sels ; as may be seen by pouring milk into 
a cup of tea ; which, if pound moderately, 
and not agitated by stirring, will take consid- 
erable time to mix. 

The light volume of air, more especially 
if the pressure northwardly continues, will 
wholly rise into the atmosphere.— And when 
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highly elevated, may not another proceed in 
like manner ? and in time, may not the lat- 
ter come directly under the former ; and by 
such position, there be two warm volumes, 
with a cold one between them ? which, with 
one cold below and one above, will amount 
to five cold and warm lamella, one above an- 
other. 

It is a fact that air does not powerfully re- 
tain the materia solis, which may be seen by 
inflating a bladder ; which, when the air 
within is made hot, remove into a cold air 
and it soon parts with its heat. — And if what 
air will fill a bladder will cool in a second of 
time, sixty times the quantity will require a 
minute to cool ; and by this rule, such vol- 
ume as has been described will require years. 

Fire is the essence of heat, nor have we 
any warmth or heat beside. The sun is the 
source of fire, from whence alone it is de- 
rived. 

When the materia solis (or rays of the 
sun) are projected from their source, with 
inconceivable celerity, (as is ever the case) 
to the extreme limits of the earth's atmos- 
phere, some of them at first, and more in 
their passage through it, are refracted and 
reflected ; but for the greatest part pass free- 

G 
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ly through the ample vacancies among th« 
particles of air. 

And it is al tog-ether probable that those 
which meet with obstruction are not resisted 
by the particles of air, (which seem not to 
admit the particles of fire to come into con- 
tact witli them — for if the rays of light were 
admitted to strike generally upon the parti- 
cles of air, the whole atmosphere, when shin- 
ed upon by the sun, would appear like one 
vast cloud, glowing with lire) but are turned 
in their course by the resistance they meet 
with from extraneous substances ; a vast va- 
riety of which float in the interstices between 
the particles of air : thus swiftly passing in 
unceasing showers through the air, as they 
may through a lens formed of ice, without 
the operation of warmth, (except those which 
are refracted) to the surface of the earth, 
which (being there accumulated) they warm, 
and also heat and rarefy the air next to the 
earth ; and that at all times, when the heat 
from the sun is not counteracted by cold. 

Hence it appears, that it is not a few soli- 
tary volumes of warm air, which once in a 
long time, rise into the atmosphere, (as be- 
fore explained) but that the air, next the 
earth, is daily thus warmed, rarefied and 
made ligM, and conseqiu ntlv daily rising in- 
to the atmosphere. And fire being a priifa 
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cipal agent in producing the exhalation of 
water, both effects therefore spring from the 
same source ; and these warm volumes of 
air, elevated as above stated, are always high- 
ly charged with watery exhalations ; which, 
when collected near the surface of the earth, 
(and so as to become visible) are called fog ; 
but if high in the atmosphere, clouds ; both 
of which are identically the same in essence 
— the different appearance western to dis- 
cover, depending entirely on the different 
situation. 

When a warm lamella of air, thus charged 
with watery exhalations, is elevated high in 
the atmosphere between two colder, by the 
attraction of particle to particle, or by some 
operation yet unknown, thty are so far col- 
lected as to occasion the appearance of 
clouds ; and when more collected, the clouds 
appear thicker and darker, and by violent 
agitation of the air, the colder and warmer 
lamella are suddenly mixed — and so great is 
the opposition or repulsion which heat and 
cold bear to each other, that when thus sud- 
d< nly mixed, a continual roaring may bo 
heard from the clouds resembling distant 
thunder : this always denotes the failing of 
hail, though in some instances it seems to 
have been congealed and again melted in its 
descent, as appears by a few extraordinary 
brge drops, oi" rain, whioh sometimes faJJr 
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when the roaring in the clouds is heard, and 
no real hail is discoverable. 

That this roaring; is the effect of mixing; 
heat and cold, a "simple experiment will 
show : — into a kettle, containing eight or ten 
pails of water, boiling with greatest agitation, 
pour, at once, a pail of" cold water, and a sim- 
Hit roaring, f >i a time, may be observed. 

By the sudden mixture of cold, the vapor- 
ous cloud is condensed in the same manner 
;;s that which arises from a boiling copper is, 
by the cold in the worm of a stil! ; when it 
returns to the same specific gravity as water 
linrarefied, and falling with great celerity, the 
originally small drops attract one another in 
their descent, and if they do not meet with 
cold to congeal them, fall in form of drops of 
i aim 

But below this warm stratum of air, where 
the clouds are condenstd, there may be an- 
other stratum where interne cold abounds, 
and through which the falling drops must 
pass : no one will doubt but in such pas- 
sage, they must be congealed to ice. — The 
only difficulty lies, in conjecturing how they 
can acquire such bulk as they sometimes ex. 
hibit ; for it is certain that they begin to fall 
the instant ihey are condensed, there being 
no power in the clouds to suspend any thing 
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Heavier than air. (It is childish to suppose 
fish, toads, worms, or any reptiles descend 
from the clouds ! !) 

Although the largest hail generally falls 
when the air is hottest near the earth, it is 
probable, at the same time, there is a cold 
stratum but a small distance above, and that 
the warm stratum, in which the exhalations 
are raised and condensed, is of great depth ;. 
that the condensation, also, is very rapid, and 
the condensed drops very numerous ; which, 
by attracting each other, suddenly become 
large, and perhaps increase in size faster af- 
ter they begin to congeal, than before ; for 
their irregular appearance plainly shows that 
some of them are made up of a number of 
small ones, congealed together, which once 
congealed together, cannot be separated by 
the force or resistance of the air. 

Again ; there can be no reasonable doubt, 
that during tornadoes, the air in those high- 
er regions is as violently agitated with, con- 
vulsive eddies, as at the surface of the earth. 
For tornadoes (at least sometimes) begin 
among the clouds and descend to the earth : 
and credible report pronounces, that they 
have, after producing destructive effects, ris- 
en in the atmosphere, carrying with them 
many things which they had taken from the 
earth, which they let fall many miles distant, 
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and where no uncommon agitation of the air 
had been perceived. 

Certainly such violent currents and agita- 
tion are sufficient, in part, to prevent the per. 
pendicular descent of the commencing hail- 
stones, and carry them in a lateral direction, 
as well as to whirl them about with eddies, 
by which their fall may be retarded and time 
given for their enlargement. 

And also their heft and solidity will check 
their swiftness in the wind, whilst the lighter 
acqueous particles are moved with superior 
velocity ; by which, not only the condensing 
particles and smaller drops will be continual- 
\y blown against them, but the smaller hail- 
stones also ; all of which, when they touch, 
will instantly congeal fast to the larger ones, 
by which they must be suddenly increased 
in size. Considering every circumstance'; 
ratht-r than wonder that they are so large ; is 
it not more surprising that they do not be- 
come la ger ? 

We know of nothing positively useful to 
mankind in the production of hail, but its or- 
igin denotes the reverse. The terrifying 
convulsions of nature, which threaten des- 
truction to the world, at the time this sub- 
stance is formed, and the desolating effects 
which rn.irk its progress on the face of the 
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earth, clearly evince that it is sent, in judg- 
ment, to affrighten and punish mankind far 
their crimes. 

Snow is as perfect ice as hail ; yet proves, 
in many respects, highly useful. 

Its form plainly shows its production to be 
in a pleasant and tranquil state of the atmos- 
phere ; for, unlike hail, (large, irregular 
lumps of ice, sufficient to destroy man and 
beast) snow is composed of innumerable 
small icicles, which are congealed as soon as 
condensed, and gently attracting each other, 
(like all other crystalline bodies, when for- 
ming, or like those which are formed by con- 
densed exhalations, on glass windows, when 
the weather is cold) their points coming in 
contact, are gently supported by cohesive 
attraction. The flakes thus loosely connect- 
ed, are like sails spread, ready to waft with 
the wind. 

Extraordinary occurrences cause surprise 
and excite curiosity to the highest pitch. — 
Every mind becomes inquisitive to discover 
the mode of operation, and learn how those 
things are formed, in a sudden and unnatural 
way ; which, when produced by the com- 
mon course of nature, are as familiar as othef 
matters in general. Such are the following*. 
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Mori. Chaptal,inhis " Elements of Chyffi. 
istry," vol. 1, page 151, relates — • On the 
20th of October, 1786, u dreadful show* r of 
hail fell at Montpelier. A druggist, who 
was in his cellar, to prevent mischief, occa- 
sioned by the filtration of water through the 
wall, was highly astonished to behold that 
ihe water which came through the wall was 
instantly changed to ice." He says — " I 
visited the place a quarter of an hour after- 
wards, and found ten pounds of ice at the foot 
of the wall : I was well assured that it could 
not have passed through the wall, which did 
not exhibit any crack, but appeared to be in 
very good condition. Did the same cause 
which determined the formation of hail, in 
the atmosphere, act equally in this cellar ? I 
relate the fact, and forbear to make any cora- 
ments on it.' r 

M. Chaptal also gives a numerous cata- 
logue of extraordinary occurrences — the fol- 
lowing are a part of them, (other particulars 
do not come to mind) viz. A shower of 
fire and brimstone on Sodom and Gomorrah 
— a shower of sand, of many hours continu- 
ance, on the Mediterranean —the falling of 
stones, minerals, &c. in divers countries, of 
which, North- America is one mentioned. 

Although they fill us with astonishment, 
yet, it is probable they may be made to ap- 
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pear less surprizing-. For before the dawn 
of philosophy illuminated the dark ages, (and 
still, by untaught savages) eclipses, earth- 
quakes and volcanoes, among many other 
things, were considered as totally unnatural, 
and nothing short of the frowns of the Great 
Author of Creation, on a guilty world ; but 
since, by the aid of philosophy, their causes 
are discovered, and their production by the 
laws of nature ascertained, though sublimely 
awful, the astonishment is lessened. 

The foregoing extraordinary phenomena 
must be ascribed to the immediate op rations 
of Deity, in miracle, or to the regular opera- 
tions of the laws of nature. Concluding that 
they may be accounted for in the natural 
way, the consideration of miracles is left to 
those, whose province it more immediately 
is to expatiate thereon. 

To avoid errors, in attempting to account 
for the foregoing appearances, it seems ne- 
cessary to reflect, a moment, on- the opera- 
tion of the law of gravitation. 

We are taught, by uninterrupted observa- 
tion, that all ponderous substances, whether 
higher or lower in the atmosphere, without 
exception, gravitate towards the centre of 
the earth ; at least, we have no evidence, nor 
do we make any discoveries to the contrary. 
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It is true, that the heavier of two bodies 
(/. e. the one possessing the power of grayi- 
tation in a greater degree) will retain its 
place, and force the lighter to remain above 
it : this is more apparent in fluids, or a mix- i 
ture of fluids and solids. A ball or shell 
may be sent upwards, by the explosion of 
gunpowder, in a mortar, &c. — a stone may 
be projected perpendicularly from the hand 
— or the most ponderous substances may be 
supported by pillars, shelves, or other resting 
places ; but, as before observed, we know 
of no power in the atmosphere unagitated by 
tornadoes, &c. nor any thing thereby sus.. 
pendcd, that can retain, in air, any substance, 
a cubic inch of which contains more matter 
than a cubic inch of air. 

Nor are stones, minerals, or any fossil sub- 
stances ever observed to be suddenly produ- 
ced — indeed, their growth or decay, within, 
or upon the earth, which is the natural situa- 
tion of their production, is so exceedingly 
slow, as to be but just demonstrated by hu. 
man observation. It must then seem absurd 
to suppose, that such substances are sudden- 
ly, and in a natural manner, produced by 
some chymical commotion oi the elements, 
in the armosphere ; which, if admitted, must, 
at the iume time, be considered unnatural. 
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If the preceding reasoning is admitted, 
the doctrine oi air-stones, &c. must vanish. 

Concluding that the foregoing are not mi- 
raculous productions, and are not suddenly 
produced in unnatural places, the facts at the 
same time being admitted, it seems necessa- 
ry to attempt to account for such phenomena, 
in a satisfactory mannner, by the laws of 
nature. 

And have we not numerous instances of 
eccurrcnces more extraordinary than any of 
the foregoing, which are so amply attested, 
as to leave on the mind no doubt of the truth 
of their existence ? have not Islands been 
thrown up in the midst of the ocean ? have 
not large cities been deluged and covered 
deep, with melted byst, cast forth from the 
bow els of the earth ? have not enormous 
mountains been formed by the general con- 
tents of the earth, from the same source 9 and 
have not huge rocks, stones and fossil sub- 
stances been exploded to amazing heights, 
and fallen to the earth at vast distances from 
the place of their eruption ? is it then a hard 
thing, to suppose that stones, minerals, and 
fossils should be thrown from the earth, be- 
cause a continual volcano is not in the neigh- 
borhood ? may there not be an explosion for 
once only, or for once in centuries, and the 
place of eruption be discovered by no one? 
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might not a shower of sand, on the Mediter- 
ranean, of hours continuance, be exploded 
from the bottom of that sea, in a direction to 
be favored by the wind, and fall at such dis- 
tance from the place of its eruption, that 
those who were within the circle of its fall, 
could not discover its rise ? and might it not 
happen, that no others should be within ob- 
servation of its exit from beneath the water? 

And are we absolutely obliged to believe 
that (as was believed, at that time of igno- 
rance, by all the inhabitants of the country 
round about it) to have been a shower of fire 
and brimstone, which destroyed the cities of 
Sodom and Gomorrah ? would it be immor- 
ral ; or would it, in the least degree, savor 
of disbelief of Sacred Writ, to suppose that 
they were overflowed with melted lava, as 
many cities, in other parts, have since been ? 
is there not enough uninhabited land in the 
United States, or even in Connecticut, for 
the stones, &c. which were there discovered 
to fall from the atmosphere, to have been ex- 
ploded from the earth, unobserved ? and is 
it strange, that the place from which they 
were exploded, should not yet have been 
found ? or might they not have been thrown 
from under the sea ? and may not the same 
observations apply to all others of the kind ? 
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That compound of the matter of cold and 
water, called hail, is quite another matter. 

The congealing of water, by the admixture 
of cold, is not uncommon in cold climates, 
and thst, too, suddenly ; and in any place 
where water and sufficient cold come in con- 
tact : even boiling water, thrown a distance 
into the air, when highly charged with cold, 
returns to the earth, congealed to ice. Such 
an appearance, at the equator, would, how- 
ever, be extremely surprising. 

There appears no analogy in the formation 
of hail and common stones, minerals, &c. — 
therefore, admitting the formation of hail- 
stones in the atmosphere, affords no proof 
that those other substances are therein 
formed. 

4 

The foregoing extraordinary account of 
water, freezing on the inside of a cellar wall, 
in the heat of summer, where it Would not 
have frozen in winter, upon reflection, may 
appear not at all surprizing : for, if a quantity 
of hail or ice, from an ice-house, is placed 
against a cellar wall, of stone, and not too 
thick, on the southerly side, where the sun 
may shine unobstructed, and the wall, on the 
inside, is kept wet with Water ; but there 
need be no water applied, for the coldness of 
the wall will condense sufficient, that is ex- 
it 
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haled and floating in air, to form ice : if, in 
all respects, the experiment is properly con. 
ducted, the water sprinkled on the inside will 
not fail of being congealed, in the hottest day. 

If, at all times (the weather being hot) 
when we are provided with a quantity of 
cold, united to water, we may by art, cause 
the cold to be transported, from the con. 
gealed water on one side of the wall, through 
the same, to water on the other side, with 
which it will unite and congeal it, is not all 
eurprize done away ? 

And this exactly agrees with the experi- 
ment heretofore mentioned, of freezing \va- 
ter before a hot fire, or freezing the hand, 
compressing a snow-ball, in as great heat as 
can be endured. 

To account for the production of anchor- 
frost, it will be necessary to call to mind 
some observations which have heretofore 
been made. 

The following particulars are assumed as 
facts :— ^the various strata or lamella of warm- 
er and colder air (before suggested) — the 
entity of cold — that the matter of cold and 
f 4 re powerfully repel each other — and that 
the matter of cold has free passage through 
cu> and water. 
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It is believed also, that anchor-frosts are 
commonly (if not always) produced, when 
the air is very little agitated with winds. 

Let us then suppose, in winter, when the 
weather is severely cold with us, and the air 
quiescent, that a volume of warm air, at the 
southward, has gradually risen into the at. 
mosphere, and by the pressure of southerly 
winds has come northerly and rests over us, 
but a small distance from the earth, between 
which and the surface of the earth and water 
there is (as before observed) a severely cold 
but shallow stratum of air ; is it not easy to 
conceive that the particles of fire, in the 
warmer stratum, will repel the particles of 
cold in the colder, (on which it rests, and 
with which it is mixing) with great velocity, 
downward through the air, to the surface of 
the water, and through the water to the bot- 
tom ? where, being accumulated in sufficient 
quantity, they will fill the interstices between 
the particles of water, and between the low- 
er particles and the materials on which they 
rest, and there congeal them together, and 
also, to the stones, gravel, &c, at the bot- 
tom ? in this situation they must remain 
fast-anchored, until the sun comes to shine 
into the water ; its rays will be accumulated 
at the bottom in sufficient quantity to repel 
the particles of cold and set the ice to float- 
ing ; and this accumulation of heat will be. 
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also quite to the lower extremity ; foi iu\ 
unless thick, is too porous to obstruct the 
particles of fire altogether. — Or it may be 
set at liberty by any power sufficient to 
break its cohesion from the stones, gravel, 
&.c. at the bottom. 

This collection of: e at the bottom of 
tcr, seldom if ever tukes place, except in the 
night. 

3)ams have sometimes beeft raised by the 
collection of anchor-frost on the rolling 
.ways, where the water passes over, to such 
height, as to endanger the dam, by the con- 
sequent accumulation of water m the pond. 

Mills have been often stopped in the 
night, by ks collection at the gate-ways. 



Water has still another property of such 
vast importance in creation, that it ought 
not to be overlooked ; that is — its solvent 
power ; for it is the only menstruum in na- 
ture ; or (at least) that, without which there 
can be none, and with which many other sub- 
stances being combined, form menstruums 
which have a powerful operation on many 
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compound productions, which abound in 
nature's kingdom. 

In the common use of language, the term 
menstruum, solvent, resolvent, dissolvent, 
&c. seem to be used synonymously, and are 
applied to a variety of operations, which, al- 
though in some respects they appear to have 
great affinity, yet, m others are essentially 
different. 

When a lump of clay has absorbed so 
much water as to settle down in form of 
paste, or when a stone or any metallic sub- 
stance is melted by the operation of fire, it is 
common to say they are dissolved : so also 
it is said of a lump of salt, when it disap- 
pears in water, by solution ; and the same 
of many others — alt of which perhaps may 
be well enough. 

But, to say a substance is dissolved, I con* 
ceive, strictly implies such a solution and 
incorporation with an aqueous fluid, as ma- 
ny substances undergo when immersed in li- 
quids — for example : when sea- salt is put 
into a proper quantity- of water, by the supe- 
rior attraction ks particles possess to water, 
above what they do to each other, it soon, 
disappears and cannot be distinguished from 
the water into which it has been put ; but it 
is as much salt as it was before the sftiution, 
h2 
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though its component particles are separated 
from each other, and when thus divided, are 
too minute to be discovered by the organs of 
sight. 

But this is but a little part of the process 
of dissolving a substance : upon tasting the 
liquor taken from any part of the cistern, the 
salt is evidently equally distributed to all 
parts ; and notwithstanding the specific grav- 
ity of the particles of salt is much greater 
than that of water, yet as long as all exhala- 
tion of the water is prevented, there will be 
no precipitation of the salt to the bottom, nor 
will the lower stratum of the liquor be any 
Salter (or, in other words, possess any more 
particles of salt) than the same space of the 
upper stratum. 

This, at first view, may be somewhat sur- 
prising, but a little reflection may cause it to 
appear plain. The particles of all subsran- 
ces which are capable of perfectly dissolving 
in water, possess a power of attraction to the 
particles of water, by which (although their 
specific gravity may be double to those of 
Water) each oce of them attracts to itself, or 
as near rs may be, an equal number of those 
©f water, which number more or less will 
be in exact proportion to the number of par-, 
tides of each sort in the mass ; consequently', 
the por^-ks cf sah must b: perfect 1 
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butt 6. among those of the water, and thereby 
the specific gravity of every part of the mas» 
be perfectly equal. 

But the specific gravity of the whole mass 
will be greatly increased, as may be seen ly 
putting any thing of proper heft (such as ah 
egg) into a solution of any saline matters* 
which will rise or fall, according to the quan- 
tity of heavy matter dissolved in the liquid. 

The uniformity before- mentioned, pre- 
sents itself to view while contemplating the 
present subject ; for not only ail saline and 
sacharine substances, but parts of almost all 
animal and vegetable bodies are capable, by 
decoction, infusion or maceration, (some 
from their texture and the strong combina- 
tion of their parts requiring full boiling, oth- 
ers only the warmth requisite for infusion, 
while others only soaking a time in cold wa- 
ter) of being dissolved and imparted to the 
aqueous fluid ; and by the sane attractive 
power above-mentioned, compose almost an 
infinite variety of soups, broths, tinctures, 
decoctions, infusions, &.c. &c. useful for food 
or the restoration of decayed health. 

All of which is effected by the mutuality 
of the attraction existing between the separa- 
ted particles and those of the liquid in which 
hey arc dissolved j for the particles' of the 
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liquid attract those which are dissolved and 
dispersed among them as powerfully as the 
dissolved particles do those of the liquid, and 
the attraction being permanent, the equal 
distribution will also be permanent, contin- 
uing until some more powerful agent shall 
overcome it. 

Among the vast variety of substances 
which possess the attraction above- mention- 
ed, the operatien of sea-salt and saltpetre be- 
ing much more m use, come daily to view; 
jrom which it appears, that the panicles of 
the juices contained in animal substances,, 
and at least, in many vegetables, are more 
strongly attractive than those of tmconfined, 
liquids ; and as the attraction of aqueous 
particles decreases in proportion to the num- 
ber of saline particles they have attracted, 
the attraction of those which have engrossed 
none must be most powerful ; wherefore, 
they' will attract an equal share from the next 
adjacent, which has drawn a supply ; and so, 
also, the next unsupplied one will attract its 
share from that. 

From a. view of which, it is easy to con- 
ceive how the salt thus quickly penetrates 
through a piece of meat, and why so equally 
distributed. 
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That the attraction of the particles of the 
confined juices is stronger than that of those 
which are unconfined, is evident from this 
fact, that fresh meat, put into a salt pickle, 
and frequently changed, will absorb nearly 
every particle of salt Irom the brine. How 
nearly to the same degree of operation this 
) rocess may be brought, by topical applica- 
tions, to living animal flesh, is hard to deter- 
mine, but probably much nearer than at first 
thought would be conjectured ; for, not- 
withstanding the circulating fluids pass, with 
great celerity, through the arteries, veins y 
ike. yet it is evident that there is a portion 
of the animal juices which have very little 
motion, (but which are never, for any con- 
siderable space of time, entirely stagnant ; 
for though they are not within the coats of 
the vessels, yet the continual oscillation ..of 
the arteries in every part of the flesh, togeth- 
er with themovement of the trunk of the 
body at every respiration, and the vermicu- 
lar motion of the intestines, to all of which, 
with many others, must be added, the motion 
of the voluntary muscles, dispersed to every 
part of the body, afford them little time for 
absolute rest) and in this torpid state may 
have a greater attraction to the matter topic- 
ally applied, than to the particles of those 
contained in the large vessels, in like manner 
and by the same powers, that the particles in 
the fresh meat attract more powerfully than 
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those of the unconflned liquids, (as before 
explained :) by which wonderful mechanism, 
remedies, externally applied, are conveyed 
directly to the diseased parts ; which, if in- 
ternally applied, would, from the indirect- 
ness of the course, but slowly and sparingly, 
arrive at the seat of the disorder, and in ma- 
ny cases, never. 

If the foregoing hypotheses are correct, is 
there not a great neglect of topical applica- 
tions ? and is it not a deficiency in the prac- 
tice of physic which ought to be corrected ? 

Much proof of the truth of this doctrine 
seems to be derived from experience. I 
have heard it many times asserted, by those 
who had applied to the pit of the stomach, 
plasters containing oil of mint, that wind, 
raised from the stomach, exhibited by taste 
and smell, incontestible evidence of the pres- 
ence of the particles of mint with it-^and the 
like observations of asafcetida, &c. external- 
ly worn. 

Which particles of mint, &c. must have 
passed, not only through the cuticle, skin 
and muscular flesh, but also, the cavity be- 
tween them and the membraneous substance 
which covers the stomach, and through this 
membraneous substance and the coats of the 
etomach ; or else must have taken a circuit. 
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©us rout for the purpose of continuing in the 
fleshy substance, where their passage to the 
stomach must have been but narrow. 

Which plainly shows, that matters so ap- 
plied are attracted to the inmost recesses of 
the body, when not obstructed by bony sub- 
stances, which doubtless, more or less, re- 
sist their passage. 

May not sea-salt, sal nitre, &c. thus appli- 
ed, prevent gangrene, il properly used, be- 
fore it has taken effect ? for they cannot res- 
tore to soundness that which has become pu- 
trid, even in dressed flesh ; but may they not, 
where it has begun, prevent its progress in 
that which is living ? 



After much consideration concerning the 
foregoing proposition, I am unwilling, al- 
though it seems quite a digression, to quit 
the subject without further observations, ho- 
ping at least, notwithstanding the newness 
of the doctrine, to attract the attention of 
some abler philosopher, to do justice to a 
subject, from which it is expected much 
•benefit may accrue to mankind. 
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Had there not been this wise provision in 
the animal machine, there must have been a 
great deficiency in the operation of the ani- 
mal economy. For, notwithstanding the 
food is masticated and moistened in the 
mouth, digested and attenuated in the stom- 
ach, elaborated and comminuted in the intes- 
tines, absorbed by the lacteals, diluted with 
the lymph in the mesenteric glands, and by 
the powerful operations of the heart and 
lungs, arteries, veins. 8cc. perfectly concoct- 
ed and prepared to be applied to the accre- 
tion (growth) of the body, or supply de- 
fects caused by violence or unavoidable wear 
by the operations of nature, yet the power 
necessarily required to prepare the aliment 
as above, renders all the organs employed in 
that office utterly unfit to apply and assimu- 
late the nutriment to the body, for the pur- 
pose above-mentioned ; which, before it can 
be applied, must leave the asterial and vein- 
ous systems, and be deposited in a situation 
where its motion may be much more torpid. 

The supposition that a part of the animal 
fluids are necessarily required to be subject 
to different states and degrees of motion, from 
those that are in a state of preparation, to be 
made fit to be assimulated to the body, seems 
to require an explanation of the organical 
structure of the parts by which it is perform- 
ed ; but anatomical description not properly 
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coming within the design of these inquiries, 
I shall only observe, th.it the coats of the ar- 
teries and veins arc principally composed of 
longitudinal fibres, supported by transverse 
ones, and that their coats therefore are not 
perfectly solid. Hence the particles which 
are sufficiently comminuted, ground and op- 
crated upon, may easily pass through the 
coats of those vessels, into the spaces be- 
twixt the fibres, composing the fleshy sub- 
stance of the bod}" ; all of which is compo- 
sed, more or less, of longitudinal fibres that 
are supported by others placed transversely 
to them. 

It is true the texture of the arteries, veins, 
membranes, glands, &c. are very differently 
constructed, but are all capable of receiving 
the prepared fluids, so transuded. 

This structure, so necessary to the growth, 
activity and continuance of the animal body, 
like many other things which arc proclu 'tive 
of the greatest usefulness, is not without a 
bane ; for it is the source of many g<ie\ous 
maladies, the principal of which are scur- 
vy, rickets, gout, atonic rheumatism, &.c. 

That scurvy is caused by too Ion j* con- 
tinued stagnation of the torpid fluids, evident- 
ly appears, from the climate, season of the 
year, situation and state of inactivity, most 
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favorable to its production, and the common 
symptoms of the disease ; and also from the 
treatment found, by experience, to be most 
tineutiousas a cure. 

Experience has abundantly taught, that 
confinement in winter, in the frozen regions 
of the north, whether on ship-board, or in 
huts, has produced the most fatal scorbutic 
complaints. Nothing is more evident, than 
the sedative effects of cold ; — rendering the 
circulation, in the smaller arteries and veins, 
extremely languid ; benumbing the nerves to 
such a degree, that the voluntary muscles 
hardly obey the will ; and, when the degree 
of cold is excessive, rendering sleep, akho' 
the victim knows it must terminate in death, 
irrcsistablc. If, to the severe coldness in 
the northern regions, confinement, for the 
space of many months, be added, the torpid 
fluids must become quite stagnant; the great- 
est appearance of which will be in those parts 
where the solids are least operated upon, 
by the movements of the body, by respira- 
tion, the oscillation of the heat, and arteries, 
the peristaltic motion of the intestines, the 
motion of the voluntary muscles, &c. And 
the torpor appears greatest in the small of 
the leg, (where the muscles have mostly ter- 
minated in tendons, which operate but little 
on the adjacent substance) the instep, the 
gfcms, and teguments of tkejiead. But the 
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erect position of the head, tog-ether with the 
thinness of its covering, find the natural grav- 
itation of the fluids, pre vent any considerable 
stagnation in that part. 

It is easy to conceive, that fluids thus stag- 
nated must soon begin to ferment ; by Which 
operation, uVy will become less viscid ; 
which, together with the irritation they pro- 
duce, by their acrimony, may cause them to 
be reabsorbed by the vessels, which circulate 
the general mass of fluids. 

But the same cause continuing, they rrry 
be again d posited in the same place; which, 
having, by the first operation, been debili'at- 
ed, the stagnation may now be continued, till 
it is attended with some degree of putrefac- 
tion. This more powerfully dissolves tlv m, 
as well as more powerfully irritates the ad- 
jacent solids ; by which they may be agin 
absorbed, but by which the part is &till much 
more relaxed. Hence, not only the thinner 
fluids, but the r d globules exsude, and the 
flesh becomes more or less tinged, and ap- 
pears of tawny ye{iow, or purple complet- 
ion ; this is called a scurvy spot. From 
which, when they have become numerous, 
and the putrefaction much more, than in the 
former states, the ichorous matter is absorb- 
ed, and being exhaled from the lungs, &c, 
causes a verv offensive breath. This is much 
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increased by the ulcerous state of the gums, 
whi( h are, perhaps, from their situation, less 
guarded against such stagnation, than any 
other part of the body ; and which frequent- 
ly shows the effects of scurvy, when no tith. 
> r part of the body is affected thereby. 

The method of cure is also strongly in 
proof of the foregoing theory of the source 
of the disorder, which consists in forcibly 
rtsbbiRgt scarifying, or puncturing the gums 
with a sound goose-quill, or otherwise, often 
repeated ; by which operation, the stagnant 
blood and fluids are forced out of their in- 
active, spongy substances, which will conse- 
quently become firm and tound. 

The limphatic vessels, in the white of the 
•eye, which have become turgid with the stag- 
nant red blood that has transuded from the 
larger vessels into them, being cured by punc- 
turing, and forcing out their stagnant con- 
tents, is also an evidence to the same pur- 
pose. 

But a b:,d breath is not all the evil that re- 
suits from an absorption of those vitiated hu- 
mors. By stimulating the htfart and arte- 
ries, they cause a hard and full pulse, resem- 
bling that which attends a pleurisy or other 
maaatory disorder, or that which is pro- 
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duced by the stimulus of ardent spirits, wine 
or opium. 

In this we have an example of the wise 
provisions of the animal economy, by which 
it is ever on the alert, and has power to op- 
pose and expel its most destructive enemies. 

Nothing could be much more destructive 
than the absorption and mixture of such pu- 
trescent, death- inducing matter, with the vi- 
tal fluids r a small quantity of which, like 
leaven, tends to taint the whole mass, on 
which the nourishment and suppoit of the 
whole machine depends, and which, when so 
mixed, passes with the healthy fluids to the 
noblest vital organs, which illy support the 
intrusion of a> deadly enemy within their 
provinces. That powerful exertion of the, 
vital functions* to expel die morbific mat- 
ter, produces the inflammatory pulse above- 
mentioned. But if the cause continues and 
increases, and no remedy is applied sufficient 
to remove \\ y nature- must- eventually sink ! 

The symptoms that mark the progress of 
the disorder are strong circumstances in 
proof of the fosegoing theory, which the lim- 
its of this work will net permit fully to enu- 
merate, but which may be fcund in many 
volumes on the practice of physic, which k 
is requested may be attended to bv all \xh* 
i2 
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will take the trouble to investigate the pro- 
posed doctrine. 

A few of the most prominent symptoms, 
in addition to those already mentioned, will 
be noticed ; such as general lassitude, dul- 
ness, aversion to exercise, sense of heaviness, 
pain and soreness of the muscles, especially 
those of the back and thighs, as if over-fa. 
tigued, great difficulty in walking up and 
down hills, the breathing difficult and labo- 
rious, so as almost to cease on the least mo- 
tion, the face of a pale, tawny color ; wander- 
ing pains of various kinds seize all parts of 
the body, both internal and external; hemorr. 
hages, but of the slighter kind ; all of which 
are most severe when awaking in the morn- 
ing. When the disorder is still much more 
increased, the gums inflame, smell intolera- 
bly, bleed and mortify ; the teeth loosen, 
turn vellow, black, and at last, carious : fa- 
tal hemorrhages from the external skin, with- 
out any wound, and from, the mouth, nose, 
lungs, stomach and other internal parts, are 
not uncommon ; also, ulcers of the most ob- 
stinate kind, that will yield to no sort of ap- 
plication, which readily terminate in gan- 
grene in every part of the body, &c. 

That the above symptoms are a concate- 
nation of the effects of putrescent matter, re- 
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ceived into the blood and conveyed to the vi 
tal organs, &c. 1 think will not be disputed. 

There have been many instances of those 
who have unawares, or from want of pi n- 
dence, been exposed to the exhalations from 
putrid carcases or other deleterious matter-, 
who have been suddenly debilitated, and in 
some instances, have quickly died — others, 
when the destructive effects have been less 
powerful, have long suffered distressing de- 
pravity of the vital and natural functions ; 
but, there being no repetition of the cause, 
nature has been able to overcome the malady. 

Why may not putrescent matter, genera- 
ted within the body, produce disease, as 
well as that received from without ? 

Can there be any doubt concerning the 
truth of the supposition, that the fluids, fully 
prepared for assimulation to the body, must, 
before they can be applied for the purpose 
of growth or repairs, be secerned into a dif- 
ferent system from that in which they are 
prepared, which must be in every solid part 
of the body ; but that in some parts they are 
much more liable to the evils of long contin- 
ued stagnation than in others ? 

That the effects of the scurvy are in pro- 
portion to the coldness of the climate and 



104 Inquiries concerning 

season, the sedative operations of uhidi 
have been concisely considered, it is presum- 
ed no one will deny. 

The absolute necessity of bodily exercise, 
to prevent the stagnation of torpid fluids, 
hardly need be mentioned. 

That hard, salted and smoked meat, with- 
out vegetables and: bread, or with old, wor- 
my, damaged bread,, can but with difficulty, 
in the best climate, with sufficient exercise, 
support life and continue a good state of 
health, must be acknowledged; but, when 
the air that is inspired by the lungs, and with 
which the body is surrounded, is alone al- 
most sufficient to corrupt the circulating fli>- 
ids, the disposition to putrefaction must he 
greatly augmented. 

Do not all the foregoing, and also the 
method of cure, found by experience most 
successful, plead strongly in favor of the 
truth of the proposed theory ? What is there 
more likely to produce and continue ulcers, 
that will yield to no application whatever, 
than decompounding animal substances, con* 
tinually received into the vital fluids, and 
from thence expelled by the vital powers in, 
to those ulcers ? and may not the same be 
said of all the other important symptoms of 
the disorder ? 
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Are not those spontaneous, fatal hemorr- 
hages the effect of mortification, begun in 
those torpid fluids and communicated to the 
adjacent substances ? 

It is true sufficient debility may produce 
disorders terrible in their appearance and 
consequences ; but such are commonly 
acute fevers, and not chronical diseases. — 
And do not those terrible symptoms in scur- 
vy, although almost universal, exhibit the 
appearance of originating in local situations? 1 
for the vital powers hold vigorous almost to 
the last that suffers. 

Again, the most salutary treatment is evi- 
dently that which resolves, softens and blunts 
the corroding power of the stagnant fluids, 
and at the same time prevents further stag- 
nation — such as exercise in pure warm air 
or clothing, acid fruits, vegetable diet, &.C. 
which seldom fail speedily to cure the dis- 
order. 

The principal cause of the different ap- 
pearances of the symptoms which attend 
rickets and scurvy, seems to arise from the 
different age of the subject, and the very 
great difference of diet. 

The soft, inoffensive milk diet, that sup- 
ports the tender body of an infant,, is opposite 
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as can be conceived, to the hard, salt and 
smoked meat, which, with other causes, 
produce the scurvy in adults. 

The tender constitutions of infants are more 
favorable to the stagnation of torpid fluids 
than the vigor of adults — so also is the inac 
tive state in which, for the greater part of 
the time, they remain ; but if care is taken 
to preserve them from cold and dampness, 
and if they are properly exercised, no diffi. 
culty will arise on that account ; but, when 
from neglect, or the badness of their consti- j 
tutions, they are affected with the rickets, in 
consequence of the recumbent state of the 
body, so common to them, their heads are as 
often, perhaps oftener affected than other 
parts of the body. The most effectual rem. 
edy for the rickets is such management as is 
most powerful to put in motion stagnant flu- 
ids ; i. e. friction with a flesh brush or the 
hand ; riding on horsebick ; stimulants and 
tonics ; cold bathing has been recommend- 
ed, but whether with propriety or not i leave. 



The operation of the 1 iws of nature within 
the animal body (whether for the agreeable 
and salutary purpose of preparing nutriciotrf 
matter, to be assimulated to the body, for 
additional growth or repairs ; or the* disa- 
greeable and morbid operations, productive 
of sickness and death) are dark and intricate, 
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to the discovery of which our organs cannot 
penetrate : our information concerning them 
must be derived only from their known ef- 
fects and operations iii matters more conspic- 
uous, and from the final termination, which 
sooner or later takes place. By carefully ob- 
serving the foregoing, and all the concomit- 
ant circumstances, and eomparing the vari- 
ous events of those obscure operations with 
the events of those which are more conspic- 
uous, we may arrive at a tolerable degree of 
•ertainty, concerning the cause and manner 
of their production. 

Are the different appearances of scurvy 
and rickets, or the symptoms which attend 
the two disorders, more various than in rea- 
son we ought to expect, with no other cause 
to produce them than the difference of consti- 
tution, aliment and temperature of air or 
clothing ? Is it a hard matter to conceive 
that the nutriment obtained by the operations 
of the natural functions, from hard, salted 
and smoked meat alone, (which can but par- 
tially be digested, in the most favorable cir- 
cumstances) must be essentially different 
from that obtained from the soft and tender 
aliment (consisting of milk, &x.) by which 
infants are supported ? 

Will not the former, in spite of the pow- 
ers of the animal and vital functions, have an 
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irresistablc tendency to putrefy, by the short- 
est stagnation ; while the latter, almost tree 
from all tendency to putrefaction, m iv be 
secerned into a situation for torpid move- 
rrient, and for a longtime remain almost stag- 
nant, without any othei injury than a morbid, 
supernatural assimulaiion of the same to the 
softer paits of the tender bones o\ infants, in 
which the torpor must be greater than in the 
flesh — su'-h as the epiphyses of the larger 
bones, the sternum, (or breast bone) the 
cartilaginous ends of the ribs, and some parts 
of the spine of the back, may for some rea- 
son, though not altogether obvious, be liable 
to the same assimula ion by which preternat- 
ural growth and distortion are pioduced; 
which, when properly condens< d, and health 
is generally restored to the body, prove not 
greatly injurious. 

Gouty complaints seem generally to be 
the effect of exces ive indulgence in the use 
of arcknt spirits or wine, together with neg- 
lect of exercise ; for those who constantly 
follow hard labor, and have also good consti- 
tutions, end" re the most extravagant use of 
spii its for many years. But there are other 
debilitating powers that produce gout ; yet 
there are few instances of its attacking those 
who do not add to other causes, (be they 
what thev may) the want of exercise. 
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The indirect debility occasioned by the 
excessive stimulus of high living, attended 
with inactivity, is altogether favorable to a 
stagnation of those fluids in the torpid state 
before considered. And the remedy, many 
years ago much approved, for the cure of the 
gout, (by tonics, such as bitters used in ex- 
traordinary quantities) proves clearly that de- 
bility, or inactivity of the fluids, is the cause 
of the disorder. But the final effect of that 
remedy also proved, that the excessive slim- 
> ulus of the bitters, although it gave temporary 
relief, yet, before many years had elapsed, 
produced a more destructive debility, which 
terminated life, by inducing asthma* dropsy, 
or some other fatal malady." 

Atonic (or chronic) rheumatism, strictlv 
such, it is believed, differs from gout only in 
certain circumstancial matters; such as the 
natural constitution, or the peculiar debilitat- 
ing powers ; for certain things that cause de- 
bility, may operate more powerfully on some 
parts of the system than on others. Hence, 
although the effect is debility, it may cause 
some variety in die appearance of the disor- 
der, dependent on debility ; for, according to 
the definitions and descriptions of the best 
Writers on diseases, it is not easy ;o decide 
which of the two last mentioned disorders af- 
flicts the patient, unless his standing in soci- 
ety is known to the physician. If he is a 
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gentleman, it may be gout ; if not, it must 
be styled no higher than — rheumatism ! It 
j6 therefore believed, the same cause produ- 
ces both complaints. 

As to the method of cure, as common, 
when the cause of the malady is obscure, the 
treatment recommended by the best medical 
writers, \s vague, various, and sometimes 
clashing ; or, in some instances, it is agreed, 
that it is doubtful, whether any remedy is 
yet discov red. Gout and chronic rheuma- 
tism seem to come within the last mentioned. 

Facts are worthy attention. I was once 
requested, by one who had a violent affection 
of the ancle-joint, of the kind above mention- 
ed, to open a vein, upon condition the orifice 
should be large, and he direct when the lig. 
ature should be removed ; to which I readily 
agreed. His foot bled freely, he sitting in 
his chair, till faintness compelled him to lie 
down upon the floor ; where he continued to 
bleed, until he became so faint, as to make it 
necessary to call for a bottle of bitters, of 
which he often drank ; but oppression at his 
vitals, after repeated admonitions to desist, 
caused him to direct the removal of the liga- 
ture, after bleeding probably a gallon ; it 
might be much less ; but bleeding in a cis- 
tern of warm water, prevented ascertaining 
the quantity — the consequence of which was 
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a complete cure, although the disorder had 
been of longstanding. 

He was about thirty-five years of age ; of 
a firm, robust and hale constitution. The 
complaint, as I judged, was occasioned by a 
debility often brought on by a certain error, 
not uncommon to those of such constitu- 
tions, but which, to the slender, is much 
more frequently obnoxious — he wa's at least 
so much of a christian as to love women and 
hate snakes ! add to this the most persever- 
ing attention to hard labor. Had he been of 
a slender constitution, such an excessive 
evacuation would probably have caused an 
atrophy, dropsy or some other malady, which, 
after some months lingering, it is most like- 
ly, would have terminated in death. 

One, although in health, who lies in bed 
much beyond his usual hours, finds, when he 
rises, the muscular parts of his body stiff and 
sore ; the cause of which, it seems, must be 
the stagnation and accumulation of those flu- 
ids which are out of the circulation of the ar- 
teries and veins ; for the circulation in those 
vessels is more vigorous when sleeping, than 
when awake. 

It is observable also, that those who are 
easy and inactive, but use exercise sufficient 
to prevent diseases, with indifferent living 
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beer me corpulent ; while those who are con- 
stantly active, with high living, are spare of 
ikfch. Are not these last clearly accounted 
for by the foregoing theory ? 

There seems no doubt but the cause of 
many other disorders, than those before- men* 
tioned, may be traced to the same source. 

But it is hoped enough has been said t© 
oaJI the attention of those who arc more com- 
petent to investigate the subject. 



Fire (asbt fore observed) is the essence of 
heat ; and without it, there is no heat or 
warmth- Whether exhibited by friction, 
the laws of the animal economy, fermentation* 
p Litre ftc lion, or directly from the sun, the 
essence is the same. 

The sun is the source of heat, from whence 
alone, it is derived, notwithstanding it should, 
at creation, have been used as a component 
part of some huge rock, or any other com- 
pound substance, as yet but partially decay- 
ed, but whose component parts must, in time, 
return to their primogenial state, when it 
must proceed to its centre, the sun ; for it 
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has been before observed, the works of crea-. 
tion were at first perfected. • 

The corpuscles or rays, which proceed" 
from the sun, arc both heat and light ; and 
whatever different effects they may have 
on our organs, still they are one and the 
same essence. Whether called caloric, prin- 
ciple of heat, latent heat, fixed heat, matter 
of heat, materia solis, (or matter of the sun) 
it is that of which the sun is solely compos- 
ed, and which is neither increased nor dimin- 
ished ; for not being a compound substance 
or subject of growth, it is not a subject of 
decay : but by the immutable power, which 
the great body of the sun possesses from a 
law of nature, it projects an uninterrupted 
shower of Its rays to regions of unknown dis- 
tance. A ray of the sun, thus repelled from 
its source and centre, passes by or comes 
against the earth, the moon, a planet, or star, 
w^h total indifference ; suffering neither at- 
traction nor repulsion, to or from any body 
whatever, in its passage, except its great 
source the sun. Nor has the common grav- 
itation of the earth the least power upon it, 
for it is without ponderosity. 

But by another law that the sun possesses, 
(which though less powerful, is still more ex- 
tensive than that oi h pulsion) whose constant 
attraction must, in time, overcome the egress 
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©f the ray ; after which it must retrograde or 
descend towards the sun, its centre. And 
as the velocity of gravitating bodies increase 
in proportion as they approach their centre, 
the returning ray, by the power of attraction, 
with the additional power of motion which 
it has acquired, will be able to arrive at its 
centre, against the otherwise superior power 
of the law of repulsion. By this wise pro- 
vision, not a single ray of the sun is ever 
lost in unbounded space. 

If the foregoing hypothesis is not admit- 
ted, a better should be found ; for there can 
be no doubt but that the sun, by such inces- 
sant emission of its substance, in every di- 
rection, must before this time, have been 
greatly diminished, if no provision hadbetn 
made for its return to its source. Nor 
is the constant dissipation and waste of such 
vast quantity of rays, in unbounded space, 
agreeable to the economy of nature. Again, 
we read when the work of creation was fin- 
ished, Infinite Wisdom pronounced it all ve- 
ry good ; if perfectly right, (which is the 
same thing) an alteration must make it 
wrong. And if the works of the Creator are 
subject to decay, it was necessary to have 
created the sun much larger at first than was 
useful, that at a medium of its existence it 
should be right ; for, by that provision, the 
imperfection must be equally divided ; (i. e. 
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it would be as much too big the first half of 
its existence, as too small the last) which is 
equally contradictory to scripture, sense and 
reason. 

Nor does this hypothesis afford an argu- 
ment against the opinion, that fire is an ele- 
ment ; for, if the works of nature were com- 
pleted at creation, the subsequent accretion 
of all compound substances must be in exact 
proportion to their decay and decomposition ; 
so that there must be as much of the materia 
solis evolved and set at liberty, as involved 
and thereby confined. 

If it should be said, that the corpuscles of 
fire, thus set at liberty, must obey the strong- 
er power of repulsion, and, instead of being 
returned to the sun, would thereby be driven 
into boundless space — I answer, the more 
extensive law of attraction will not there fail 
to find them out, and return them to their 
source, at least as readily, (for being once 
stopped in their egress, they will not be re- 
pelled to such a distance) as those which 
have been driven the utmost extent the pow- 
er of repulsion could send them. 

When, among the learned, the greatest 
characters and first philosophers differ, con- 
cerning a question of importance, each party 
setting up and supporting a mode or system 
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of their own, and condemning that of the oth- 
ers, it is next to demonstration, that neither 
is right ; for that which is not wrong may be 
made to appear right, to those who have abil- 
ities to discern, and powers to investigate. 

This has been the case concerning fire ; 
among the first characters, one party having 
adopted the foregoing hypotheses, so far as 
to admit fire to be a material entity, and that 
it is diffused through all space j and further, 
they assert, that it penetrates all bodies, and 
that it has a repelling powder, by which it en- 
larges the volume of alL 

That fire composes a part of most, if not 
all compound substances, is not denied. — 
That anticrouon (the repeiler, or principle of 
repulsion) is, in a greater or less degree, pos- 
sessed by the corpuscles composing all sub- 
stances, whether solid or fluid, cannot be de- 
nied ; and that, in all instances, the anticrouon 
is excited to a more powerful and extended 
operation, by the power of caloric, is equally 
true. 

And, because the operation of fire never 
fails to excite the principle of repulsion to a 
greater exertion, it has erroneously been con- 
sidered as the essence of repulsion, and that 
fire and anticrouon are one and the same 
tiling. 
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But, that they are independent of each 
other, appears many ways. There are ma- 
ny substances which possess anticrouon (or 
the repelling power) sufficiently to cause 
them to be perfectly fluid, when destitute cf 
all caloric, and possessing the greatest abun- 
dance of cold. Even water retains its fluid- 
ity when containing much of the matter of 
Gold, and no particles of fire. Air, which is 
the most perfect fluid, excepting fire and 
electrical fluid, sustains no sensible loss of 
trie repulsion cf its particles, in the coldest 
regions. Rectified spirits retain the power 
of repulsion, without any sensible diminu- 
tion of their fluidity, in the coldest weather. 
But that is not all ; there are other matters 
besides fire which increase the power of re. 
pulsion, existing in many things. The anti- 
crouon of the particles of water is excited by 
wind, to a degree sufficient to produce ex.* 
halation, even when congealed by the matter 
of cold, to ice : and many others could be 
mentioned. 

If anticrouon and caloric (or the principle 
of repulsion and the principle of heat) are 
one and the same tUing, all bodies must be 
hot, in proportion to their rarety ; (for rar- 
ely depends upon repulsion, to keep the par- 
ticles asunder) therefore, that which is most 
rare must possess most of the principle of 
heat, and air being the rarest of all bodies. 
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must be the hottest in the world. — But it 
appears to be the very magazine of cold ; 
nor to possess the least degree of heat but 
what is communicated to it, and has little 
power to retain what it receives. 

Furthermore, fire is the most transient sub- 
stance which comes to our world ; no place 
ever possessing the same degree for any 
length of time : therefore, of all things, it is 
the most unfit to cause and continue the flu- 
idity of air ; without which our lives must 
instantly cease, and with any considerable 
variation of which, health must, more or less, 
quickly decay. 

As treatises on natural philosophy are not 
in the hands of every one, I take the liberty 
to transcribe, from a late edition of Quincy's 
Lexicon Physico Medicum Improved, un- 
der the word caloric, the following lines, be- 
ing a compendium of the idea of fire, which 
appears at present to be generally adopted. 

" Disputes have been entertained whether 
caloric was itself a substance or material be- 
ing, or whether it was but a modification of 
other substances. Hence arose two doc- 
trines concerning it : 1st. The mechanical 
doctrine of fire or caloric, which taught that 
it eonsisred in a subtle, intense and vibratory 
motion among the intestine particles of bod- 
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ies, as the heat excited by the friction of a 
wheel against its axle-tree, of the mill stones 
upon the grain crushed between them, of an 
iron rod hammered upon an anvil, of an iron 
cannon suffering the operation of boring un- 
der water, he. where much caloric is evolved 
by mere agitation or percussion, without de- 
rivation ab extra, or communication from any 
heated substance. 2nd. The chemical doc- 
trine of fire, affirming that it is a most atten- 
uated and penetrating fluid, travelling thro* 
all space and nature, insinuating itself into 
the pores and interstices of every species of 
bodies, producing repulsion and enlarge- 
ment of volume wherever it goes. No at- 
tempts hitherto made have been able to prove 
its ponderosity or materiality. It cannot be 
weighed in the balance. Its addition aug- 
ments not sensibly the gravity of bodks J 
nor does its subtraction lessen their wi ight. 
In many cases, too. there is an impossibility 
of explaining whence the caloric present in 
certain bodies is derived. These consider- 
ations have led some of the most discerning 
of modern philosophers to doubt, or even to 
deny the materiality of caloric ; and some of 
them profess to believe it is a non-entity, 
To these, caloric must appear only a repel- 
ling power, inherent in the atoms of matter, 
and susceptible of increase and diminution. 
And in this sense, which is probably the true 
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one, caloric or anticrouon is but the counter, 
part of attraction," &c. 

Its minuteness and transientness, together 
with its total insubjecUon to the laws by 
which all other matter is governed, renders 
all chemical attempts to explain the essence 
and mode of operation of fire perfectly use. 
less : art has no power to confine it ; for al- 
though some substances can retard and re. 
fleet it, yet no created substance can finally 
resist its penetrating power. And, notwith- 
standing the laws of nature have power to in- 
volve it with other substances, and with them 
apply it to form and increase the accretion 
(or growth) of compound bodies, thereby 
retaining it in confinement for a time ; yet, 
it finally bids defiance to their power, and ta- 
king leave, departs to its great and more 
powerful centre. And when, from this nat- 
ural but partial confinement, it is removed 
by the chymist, for the purpose of inspection 
and investigation, it imperceptibly withdraws 
from his power, and all his hopes and expec- 
tations vanish. 

All are agreed that " it cannot be weigh- 
ed in the balance," and it is said that " it 
augmentsnot sensibly the gravity of bodies ; 
nor does its subtraction lessen their weight." 
There mu»t be some error concerning this 
last, which has probably been the result of 
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haste, or the want of sufficient attention in 
observing ; for its addition, in all cases, en- 
larges the volume of bodies, by which they 
must become specifically lighter, in propor- 
tion as they are increased by that which has 
no ponderosity, which in this case, could 
without doubt, by careful observation, be 
perceived. Although the chymist cannot 
analyze fire, it being more transient than the 
water which turns the wheel, yet he may, by 
his art, turn it to great account — for it is 
the principal agent by which he can open to 
view almost every other existence, and there- 
by investigate the mysterious arcana of na- 
ture. But all that has been said, affords no 
argument against the existence of fire. The 
vast importance of fire in creation ; (without 
which no animal being could exist alive ; 
neither could there be vegetable, mineral or 
fossii production) and the great pleasure 
the animal creation collectively enjoy from 
the agreeable sensation of warmth, as well 
as innumerable other ways in which it pro- 
motes their happiness, one would think are 
sufficient to entitle it to an acknowledg- 
ment of its existence. 

Nor can I subscribe to the doctrine that 
the rays of the sun are not heat or fite until 
they are reflected, and that ihe heat then pro. 
duced is the effect of the friction between the 
projected and reflected rays ; this error seems 
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to have been produced by observing the ef- 
fect of friction. Two pieces of timber, rub- 
bed powerfully together, produce heat ; and 
if the friction is continued with sufficient 
power, light and fire are perceptible : so also 
of the flint and steel, as well as many other 
substances. Hence the idea that fire is only 
matter in motion, produced by attrition ; 
and when communicated to combustible ma- 
terials or fuel, unless counteracted by the 
aqueous fluid of the fuel, or resisted by some 
external application, the vehement agitation 
or motion will continue until the whole is 
consumed. It is not a little surprising that 
any one should suppose that fire is not an es- 
sence of its own kind, even admitting that fric- 
tion produces heat, that there should be fric- 
tion enough, by the attrition of the sun's rays, 
to produce that effect ; for fire is a fluid, and 
possessed at least of the essential quality to 
constitute fluidity, viz. — a repellant power, 
which prevents two particles from ever 
toucliing each other. 

Taking into consideration the great vari- 
ety of evidences, which, unsought, are con- 
tinually crowding themselves into view, in 
proof of the proposition that the sun is the 
source of fire, it seems hardly necessary to 
fl) ake use of any arguments further to elu- 
cidate and substantiate the matter. But as 
many philosophers, who are entitled to dis- 
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tinguished respect, have been of a different 
opinion, it may be well, at least, to examine 
the validity of the proof. The most stri- 
king evidence is, its coming directly from 
the sun. If there is no deception in the mat- 
ter and we can believe our own senses, this 
alone seems conclusive evidence of the fact 
— for who has not often, when chilled with 
cold, by removing into a situation where the 
sun's rays could be received without ob- 
struction, experienced the most agreeable 
warmth, which could be ascribed to no oth- 
er source ? — and who has not also, when op- 
pressed to iaintncss by heat, (which no one 
will deny to be the effect of fire) been revi- 
ved, and experienced the greatest pleasure, 
by a relief from heat, in shunning the power 
of the sun's rays ? are not these demonstra- 
tions ? or are our senses to be doubted, as 
ujiworthy our confidence ? if so, let us have 
recourse to brute animals for proof; for the 
most stupid of them have sense enough to re- 
tire from the operation of the rays of the sun 
when oppressed by heat, and to seek an agree- 
able warmth from the same when pinched 
with cold. 

But the power of the sun's rays may be 
made to operate and appear in a more pow- 
erful and striking manner, producing, when 
collected into a focus, by a proper lens, the 
most vehement and intense fire, within the 
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power of art to kindle. And the matter of 
the sun, which can thus melt stones and turn 
earth to a green glass, comes directly and in 
a straight line from the sun ; for the lens 
must be placed in a position thus to receive 
them. That the rays of the sun pass in 
straight lines, is further proved by eclipses 
and transits of planets on the sun's disk. — 
These observations are considered sufficient. 

The only question remaining, is, whether 
there is another source of fire belonging to 
this world ? which question may perhaps be 
satisfactorily answered, in considering wheth- 
er fire is ;ui element 

Notwithstanding electrical fluid much re- 
sembles the matter of the sun in some res- 
pects, yet. an attempt Will be made to show 
that it is a materia per se, having no connec-' 
tion with, or dependence upon the sun or its 
ravs. 

Many of the arguments which are evidence 
that the sun is the source of fire, are also ev- 
idence in favor of the supposition, that fire 
and light are one and the same essence. — 
That the sun is the source of light, is asev- 
ident as that it is the source of fire ; indeed, 
I know not that it is denied by any one ; and 
if it is admitted that the sun is the source of 
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fight as well as fire, it will be hard to prove 
that they are not both one. 

Do not our senses prove to us that the 
same essence operates on the organs of sight 
and the sense of feeling ? — for at all times, 
when there is nothing to obstruct, by turning 
our eyes toward the sun, they are instantly 
irritated by the rays which are projected from 
it — we also, at the same time, feel the warm- 
ing operation of the same rays, in our bod- 
ies. If both are not produced by the same 
rays, there must be two kinds sent from the 
sun ; and is it not too absurd to suppose 
there are two kinds sent, when one can as 
well answer both purposes ? 



We find three of our senses (tasting, 
smelling and feeling) operated upon by in- 
numerable things : the sense of hearing by 
one only, i.e. the medium of the atmosphere. 

There can be no reason (but only that we 
have not been accustomed so to believe) why 
we should be surprised at the supposition, 
that there are two substances which operate 
on the organs of sight, (viz. materia solis 
and electrical fluid.) Those substances, 
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which are too minute and transient for in- 
spection and observation, can be judged of 
only by their operations and effects collect- 
ively, and the various operations and powers 
the different laws of nature have upon them. 

There appears to be no doubt but there is 
some difference in the form or some other of 
the properties belonging to those substances, 
on which the laws of nature have different 
operations ; for those things which have iden- 
iity of essence must be subject to like pow- 
ers of the laws of nature. But the common 
rays of light {i.e. matter of the sun) set m to 
be subject, principally and almost entirely, 
to the power of their own centre — entirely as 
to gravitation : but when in their nearest ap- 
proach to other matters, they seem to repel 
and be repelled by nearly all substances, 
whereby they are moved in every direction ; 
sufficiently collected however, to communi- 
cate the iraage of objects, through the eye, 
to the mind, unless they have penetrated" so 
far among the component particles of com- 
pound bodies, as to rebound from one parti- 
cle of the composition to another, so as lo be 
as ready to pass through or return another 
Why, as the way at which they entered ; in 
winch state, although they never rest, they 
may be retained for a time— or by some law, 
to us unknown, are involved with other mat- 
ters, in the growth of compound substances, 
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where they suffer entire rest until evolved and 
set at liberty ; and excepting that mysterious 
law by which they are confined in compound 
substances, at the time of their growth, they 
seem to be subject to none of the laws of mat- 
ter in the world, but that of absolute resist- 
ance or repulsion, by vrhich they rebound or 
are reflected as before stated. 

That they are not subject to the laws of 
gravitation, fully appears from this, that if 
they were under the least control of that law, 
instead of passing in straight lines, when 
moving in directions horizontal to the earth's 
surface, they would move in curved lines — 
for although they move from one object to 
another with inconceivable velocity, yet, if 
they are in the least within the power of grav- 
itation, their lines of passage must be curved, 
probably as much as the surlace oi the earth ; 
by which operation we could see over moun- 
tains ; or if the curve was the same as the 
earth's surface, we could view our antipodes. 

The number of ravs necessary to answer 
the purpose of vision arc comparatively very 
few, to wh.it are sufficient to produce an in- 
tense fire ; for if in the shade, in the light of 
day, one. is placed before a looking glass, the 
rays which are reflected from the face to the 
glass, and from thence again reflected, are 
sufficient to exhibit the image of the face to 
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millions of eyes, if so many could be in ash- 
uation to receive them. 

We are taught by Sir Isaac Newton, that 
colors exist only in the rays of light ; hence 
Mr. Martin seems almost to ridicule the idea 
that they can be distinguished by the sense 
ot feeling. But Dr. Bcerhaave informs us of 
one who was born blind, who could distin- 
guish colors with his fingers. Nor is there 
any mystery in this : what Sir Isaac says, is 
undoubtedly true ; and that which Boer- 
haave asserts, is probable enough. 

Color is the different appearance with 
which external objects strike our eyes : — 
without light no object can affect the eye ; 
and experiment has fully proved that the dif- 
ferent shades may be produced, by only re- 
h acting or turning the rays of light in their 
course ; therefore colors exist in the light? 
only. But there must be something differ- 
ent in the surfaces of the objects, which re- 
flect the rays of light so as to produce the 
different ideas of color ; which may be pro- 
duced, by incorporating certain matters (call- 
ed dye-stuffs) into the substance of the cloth, 
by art, by which the surface of the cloth 
may be so altered as to be distinguishable 
by the nice feeling of one unused to seeing ; 
who, having been taught what colors were 
represented, by such and such deas of the 
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sense of feeling, experienced by him, could 
pronounce the name of the color, as it appear- 
ed to those who could see it ; yet was as ig- 
norant of its appearance to them, as another 
who was born blind, who after hearing the 
most ingenious description, by words, suppo- 
sed he had acquired a perfect idea of the col- 
or red, and being asked how it looked, an- 
swered, it exactly resembled the beat of a 
drum ! 

Such incorporations of substance, with 
cloth, &c. produce almost an infinity of 
shades : but that which is dark or black, said 
to be no color, and white, which is said to be 
all colors united, are most remarkable. 

Cloth that is dark, is not perfectly so, for 
it reflects rays enough to be discernible by 
the eye ; but the incorporated matter enables 
it to absorb or receive into its substance, al- 
most all the particles of fight which come to 
its surface — which are accumulated in it to 
such a degree, as to cause it, when spread 
upon the snow, where the sun shines, to melt 
the snow in such a manner as to settle some 
depth into it ; when that which is white will 
remain without any impression on the snow. 

The rays, thus received into the substance 
of the cloth, operate in a manner similar ta 
those which are communicated from an artU 
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ficial fire, to iron, or any other solid subr 
stance ; which, having once entered among 
the particles, bound and rebound from one 
to another ; by which means they are for 
sometime detained, but gradually (and not 
in regular eradiate lines, nor with the same 
velocity as when reflected) emerge in every 
direction, and are not sent out at any point, 
in sufficient quantity or velocity, to operate 
distinctly on the eve ; but moving slowly 
from the iron, arc accumulated in such quan- 
tities around and near about it, as to cause a 
more or less powerful impression of heat up. 
on the hand held near it. The particle s of 
fire, in like manner emerging from the cloth, 
have no effect upon the eye ; for the mode of 
their issuing in irregular, tine-radiated, direc 
lions, admits not, perhaps, of two moving 
from the same point, in the same direction, 
and at the same time ; the few rays by winch 
it is seen, being reflected instantaneously 
when striking it, not having entered the sub- 
stance of the cloth at all ; and being few in 
number, the mind is struck with the idea of 
an opaque or dark substance. 

Hence iron of the above heat is said to be 
dark hot; but when the accumulation of 
fire in the iron is so great as to be emitted in 
sufficient showers and velocity to operate on 
the eye, it is said to be red ho* ; and when 
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the quantity is so great as to glow almost 
with blaze, it is denominated a white heat. 

In the above, we have an example of the. 
production of a very considerable degree of 
heat, by fire, without the sensible appearance 
of light. 

That the dark hot iron is heated by the re- 
ception of that which operates as light to the 
eye, is evident from this — that the same iron 
which appears of a black heat, in the light of 
the sun, (when the eye is contracted, that it 
may not be injured by receiving too powerful 
a shower of the rays of the sun) will appear 
oi a red heat, and shine with a glowing light 
for a distance round, when removed into a 
place where all light but its own is excluded, 
(when the sight of the eye will dilate, that it 
may have vision with fewer rays, or in other 
words, that it may catch more of the scatter- 
ing rays, which it has a faculty of converging 
inro a focus) on which powers of contraction 
and dilation of the eye, the greater or less per- 
fection of vision depends. 

And if our organs of sight were so perfect, 
that one or a very few rays were sufficient 
to communicate to the eye the impression of 
objects, we should discover a red appearance 
in the iron, as soon as perceive the warmth 
by feeling. Hence it seems that it is not the 



132 Inquiries concerning 

want of light, in the dark hot iron, which pre- 
vents our seeing it, when the heat is almost 
exhausted, but the imperfection of our or. 
gans. 

From what has been said, it is plain, that 
black clothes, worn where the sun or fire 
shines, will cause the body to be warmer 
than those which are white. 

That which is said to be a compound of 
all colors, termed white, is diametrically op. 
posite to black or dark. That it is a com- 
pound of the seven original or perfect colors, 
is generally thought to be proved by mixing 
seven equal portions of the finest powdered 
substances, each one answering exactly to 
one of the seven original colors ; which, 
when intimately mixed, by rubbing in a mor- 
tar, compose a most beautiful white, or light 
appearance, and reflect all the rays of light, 
or perhaps as nearly all as the black absorbs 
all. That they absorb some, is evident ; for 
they may be made slowly to receive enough 
to make the substance feel warm. — But they 
so powerfully repel the rays of heat, that the 
focus collected by a small burning lens, can 
make no impression on paper that is of a pure 
white ; yet, when stained with ink or other 
dark matter, the same paper will instantly 
take fire. Hence the propriety of wearing 
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white, to avoid excessive heat from the sun's 
rays or other sources. 

It appeared necessary thus far to enquire 
into the operations and effects of light — its 
connection and dependencies, and also its in- 
dependence of, and subjection to the laws of 
nature ; whereby we shall be the better pre- 
pared to decide, whether the matter of the 
sun (or common light) and electrical fluid 
are both one, or not. But previous to deter- 
mining the question, it is requisite also, so 
far as discoveries will enable us, to examine 
concerning the essence, operations and de- 
pendencies of electrical fluid. After having 
considered the whole matter, it is hoped the 
decision may be correct. 

Whether electrical fluid makes a part of 
any of the compound productions of the laws 
of nature, {i.e. whether it is an element or 
not) is uncertain : but the succeeding facts 
seem to prove beyond doubt, that it is a pri- 
mogenial, *incompounded substance — that 
its corpuscles are vastly finer than those of 
the sun-— that it is diffused among the parti- 
cles of all compound substances — that it is 
evidently subject to the law of gravitation, 
and to the attraction of several matters, at 
least under certain opci ations : and it appears 
to be powerfully repelled by some substan- 
ces, but most of all by air. 

M 
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Its attraction to metalic and animal sub. 
stances and water, seems to be nearly equal ; 
hence metals and water mixed are thought 
to attract more powerfully than when alone. 

Its usefulness may be much greater than 
has yet been discovered. There is no doubt 
of its salutary effects, when properly applied* 
in some diseases. It is much to be wished 
that further experiments were scientifically 
performed ; which may be done without the 
least injury to the patient. 

That the corpuscles of electrical fluid are 
much finer than those of the materia solis, is 
evident from its so suddenly penetrating sol- 
id substances, and passing in them with the 
greatest velocity, and that without any ob- 
struction by their density : such as the most 
of animal and vegetable substances, and per- 
haps all metals. 

lis progress is so rapid in iron or steel al- 
though the distance be considerable, as not 
to be perceived by our senses Nor does it 
pass on the surface, but in the substance of 
the iron ; for in the darkest nieht, let the 
distance be what it may, so far as the wire is 
unbroken, it cannot be discerned ; but if the 
wire is formed into a chain, it appears crink- 
ling like lightning, and suddenly disappears. 
Hence, it evidently passes in the substance, 
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"without being in the least obstructed in its 
passage. So easily does it pass in the sub- 
stance of iron, that the greatest charge which 
is exploded from the clouds, may pass in an 
iron conductor of sufficient size, though it is 
driven through a log of wood fifty feet in 
length, compressing the rod never so close- 
ly, without the least injury to. or operation 
upon the wood ; whereas the matter of the 
sun enters the substance of iron but slow iy, 
rebounds among its particles for a time, aid 
is dissipated in air insensibly, excepting for 
a time whilst emerging, it communicates the 
sensation-of warmth or heat to the part appli- 
ed to or near it. In all the above particles, 
the matter of the sun and electrical -fluid dif- 
fer materially. 

That it is diffused through all compound 
substances, and probably all solids which 
contain an aqueous fluid, appears from its 
being attracted by the friction of certain sub- 
stances, such as leather covered wkh chalk 
or amalgama, &c. rubbed on glass. 

Let the machine be placed where it may, 
provided it can communicate with the earth 
not perfectly dry ; and the communication 
may be by the floor of the house to the cells 
ard underpinning, none of which may be ut- 
terly free from aqueous moisture ; for ani- 
mal and vegetable substances which are e»~ 



136 Inquiries concerning 

tirely destitute of moisture are electrics, and 
refuse it a passage. 

But if the machine is insulated by standing 
upon glass, rosin, bees wax, dried animal 
substances, baked wood, &c. and the person 
operating, and all things which come in con. 
tact w"fth the machine are also insulated, no 
electrical fluid can be collected, let the fric- 
tion be ever so powerful : yet, when the pas- 
sage is such as suits its movement, there is 
no part ol the earth from which it may not be 
attracted ; though it is uncertain from what 
distance, but probably from some miles — be 
that as it may, there is no doubt it may be 
moved many miles ; for nature seems not 
more to abhor a vacuum than an unbalanced 
state, between electrical fluid and other mat- 
ters ; therefore, if the just proportion is at- 
tracted away but for a few rods around the 
machine, the balance is thereby broken, and 
it must rush from all places where it js, to 
supply the deficiency in that, and restore 
that equal distribution in which nature so 
much delights. 

Although electrical fluid passes with the 
velocity of lightning, it is not meant that the 
same identical matter which moves from 
miles towards the machine, comes to it, but 
that it operates as air does in a large room, 
when the outer door begins to open", the in- 
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nerdoor, twenty feet from it, clatters against 
its casing ; which is not caused by the air 
from without, coming to the inner door, but 
the first movement of the air without, moves 
the volume of air within the room in a body, 
which, at its first movement, presses the in- 
ner door against the casing. 

So the electrical fluid, being in the least 
degree drawn from any place or substance 
in nature, is instantly supplied by the next 
place or substance, which is also in like 
manner supplied, and so on of the next, &c. 
And from its irresistible propensity to sup. 
ply all places which have suffered any priva- 
tion of it, the supposition of its general diffu- 
sion (as before stated) seems to be fully sub- 
stantiated \ 

Its inconceivable velocity also fenders 
such diffusion not only easy, but in some 
degree unavoidable. 

It is believed, that if a chain one thousand 
miles in length, were attached at one end to 
the outside of a receiver, the middle moved 
five hundred miles distant, the chain touch- 
ing in no point laterally, and supported by 
electric substances, in an air free from aque- 
ous exhalations, the other end being applied 
to a charged receiver to admit the electrical 
fluid, that it would return to the negatively 
m2 
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charged outside of the receiver, after its tour 
of one thousand miles, without discoverable 
loss, and possibly without discoverable vari- 
ation of time between its exit and return.— 
But the materia solis can be forced but a 
small distance from the part by which it is 
received into the substance of iron. In this 
it also appears they differ widely. 

That electrical fluid is subject to the laws 
©f gravitation, appears many ways, but is 
probably much less so than air ; for air, al- 
though much the heaviest, can have no pow- 
er to force it upwards, its corpuscles being 
too minute for those of air to act upon, the 
spaces between them being sufficiently large 
for the electrical corpuscles to pass freely, in 
any direction, among them ; as appears by 
its serving as the medium of sight ; in per- 
forming which, the electrical corpuscles pass 
singly among those of air, as freely as the 
rays of the sun ; but which, when collected, 
as in an explosion from the clouds, or an 
electrical spark from a charged receiver, 
never fail of producing a report by breaking 
the air. 

Its ascent is, in all cases, the effect of re- 
pulsion or attraction of some substance to 
which it .is attached, or near ; such as the 
corpuscles of its own kind, which powerfully 
repel each other, and when collected in a 
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receiver, are repelled to the end of the spear, 
which projects through the hermetic ceiling 
on the receiver, where they appear in form of 
a small pencil, (hence this appearance is call- 
ed a pencil) from which they are repelled 
singly through the air, and communicate 
distinct vision to the eye. 

And although their inconceivable velocity 
gives them little time to gravitate, yet with- 
out hesitation, I hazard an opinion, that 
when passing horizontally to the earth's sur- 
face, they proceed in curved lines, which I 
have no doubt could be ascertained by an 
experiment, which, if it so proved, would 
furnish an art by which we could, more or 
less, see over obstacles that prevent the pas- 
sage of the rays of the sun. 

By such repulsion, and also by rebounding 
irom object to object, the electrical particles 
are projected as well upwards as in all other 
directions. 

Although the air repels collections of elec- 
trical corpuscles, yet when it is much char- 
ged with watery exhalations, it becomes al- 
most as perfect a conductor for the smaller 
collection, or single corpuscles, as an iron 
rod ; which is evident from its being im- 
possible to retain it in a receiver, when the 
air becomes moist. When an electric ma- 
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chine is operating well, and the receiver re- 
tains the fluid without difficulty, the whole 
matter may be charged by the exhalations, 
from the lungs, &c. of a number of people 
coming into the room ; by which exhalation 
the air is made so humid and consequently 
so readily transports the electrical matter, 
that it cannot be retained. 

Hence it is evident, that exhaled particles 
of water attract the electrical corpuscles, by 
which means they are by them carried into 
clouds : and experience proves that cold 
weather, when the air is drier than in sum- 
mer, is much more favorable for the collec- 
tion of electrical fluid, than warm weather, 
when the exhalations are more abundantly 
rising into clouds. 

The consequence of which is, that thun* 
der and lightning must be more common in 
summer than in winter ; for the particles of 
electrical fluid, thus carried by those of the 
water, are (by the same power of attraction) 
by them retained, until, by being condensed, 
the particles of water gradually distil in form- 
of rain. 

But the attraction of the greater quantity 
which remains behind, being superior to that 
of the lulling drops, the electrical fluid will 
also continue back with the clouds ; yet, lo- 
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sing part of its supporting matter, it becomes 
more collected, whereby the repulsion of the 
air towards it is increased ; and the exhaled 
particles of water (by whoae attraction it is 
supported in the air against the power of 
gravitation) diminishing as the rain falls, not 
only the balance between the electrical fluid 
in the earth and that in the clouds becomes 
unequal, but between one volume of cloud 
and another. And notwithstanding the cor- 
puscles of electrical matter, when near to- 
gether, repel each other, yet, at a distance, 
it is evident they attract each other powerful- 
ly ; wherefore the electrical matter, sus- 
pended as aforesaid, is powerfully attracted 
by that of its own kind in the earth, in addi- 
tion to its gravity. And these powerful 
agents are opposed only by the attraction of 
the now much exhausted watery exhalations 
or clouds, and the resistance of that power- 
ful repulsion existing between electrical fluid 
and air, which forbids a passage to the fluid 
without a force sufficiently powerful to open 
and repel all air entirely out of its passage ; by 
which breach in the air, the tremendous re- 
port of thunder is produced. 

The clouds becoming still more exhaust- 
td by the precipitation of ihe rain to the 
earth, the overcharge of electrical matter is 
so great, that notwithstanding the repulsion 
g£ the. air tovvards.it, it breaks-from the now 
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too feeble attraction of the exhalations of wa- 
tery particles, and takes its departure to the 
earth, to restore the broken equilibrium in 
ir ure with an explosion which spreads dis- 
ma\ among the inhabitants of the world be- 
neath, and seems to threaten general des- 
truction ! 

But, if another collection of cloud is much 
nearer than the earth, which is not so highly 
charged with electrical fluid, the attraction 
of that cloud may be superior to that of the 
earth, and the explosion be to that cloud, 
and it may possibly be again exploded to an- 
other, but must eventually, in some manner, 
come to the earth. 



Having (perhaps superficially) considered 
the operations of the laws of nature by which 
the matter of the sun and electrical fluid are 
governed, we find each of them possesed of 
properties ef great importance ; yet we dis- 
cover no properties common to them both ; 
but that they are so widely different, that no 
person will presume to contend they arc both 
one : the only particular in which they seem i 
Ib any measure to agree, is, that the y both 
serve as a medium of sight. And In I 
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they bat imperfectly agree ; for there is no 
evidence that electrical fluid ever has that 
power, except when by some operation of the 
laws of nature, or by art, it is accumulated 
to a degree quite uncommon ; in which case 
alone, it operates as light to the eye ; and 
mostly so when it breaks from confinement 
by explosion, which appears strikingly 
bright, and seems to illuminate the whole 
hemisphere, when it is discharged lrom the 
clouds in a dark night. 

The operations of the laws of nature, by 
which the mind annexes to objects the ideas 
of color, figure, (or form) extension, &c. by 
the medium of the rays of light, through the 
organ of the eye, are not a little mysterious ; 
but close reflection and reasoning may possi- 
bly cast some light upon the subject. 

We are so often told that the image of ob- 
jects is painted on the eye, that the phrase 
has become familiar ; but it is hard to con- 
ceive how an image or shadow in the eye 
can effect the mind in such a manner as we 
experience. 

The process seems to be as follows : that 
exquisitely sensible organ, the eye, is suscep- 
tible of the stroke or touch of a much less 
number of the very fine rays of light, than 
any of the other organs of sense, on three of 
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which, in their peculiar capacities, (as light) 
they have no operation ; .yet, when much in- 
creased above what is necessary to affect the 
eye, they produce the sensation of warmth 
on all the organs of sense. 

The only operation it has on the eye, is a 
sensation from the impulse, or a kind of feel- 
ing which the eye suffers from its irritation 
or stimulus, and the innumerable different 
op< rations on, or ideas received by the mind ; 
i.e the vast variety of shades with which the 
mind is impressed, from the eyes' receiving 
the rays of light, are not the effects of the 
images or colors being painted on the retina 
of the eye ; but solely depend on the afore- 
said impulse or stimulus. To every degree 
of which, the mind annexes the idea of a dif- 
ferent shade or color ; i.e. to the lowest de- 
gree of sensation or stimulus, capable of ex- 
citing in the mind the idea of color, it annex- 
es the idea of a certain color or shade, and 
to every degree of irritation, by the rays of 
light, capable of producing in the mind a dif- 
ferent sensation, by their impulse on the eye, 
the mind annexes the idea of a different 
shade. 

But the operation of light on the eye b 
capable of producing but seven degrees of 
distinct irritation ; therefore, there are but 
;seven distinct, or uncompounded colors. 
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It is not to be supposed that the excitabil- 
ity of the eye, upon which the rays of light 
operate, is gauged to seven distinct and un- 
connected degrees, as seven of them, of cer- 
tain and equal distances, may be marked on 
a rule ; but that the excitement is increased 
in exact proportion with the velocity of the 
rays received ; and from a medium of one 
degree to the medium of another, including 
the opposite half of each, makes two, which 
operate distinctly on the mind ; of which 
mediums of distinct excitement, there are 
seven ; therefore the mind has distinct ideas 
■of seven colors only. 

But if the velocity of the rays is such as 
to produce a stimulus between the medium 
of the first and second, the mind will then be 
impressed with the idea of a shade between 
the first and second primary or distinct col- 
ors ; which shade must be a compound of 
the first and second ; and in the same man- 
ner, any variation from the degree of excite- 
ment, which produced that idea of shade, 
may produce the idea of another, &.c. by 
which they may become innumerable. 

And this doctrine agrees exactly with the 
effects of an experiment of Sir Isaac Newton, 
(which it rnuit be acknowledged gave i iie 
to the opinion that there are seven distinct 
colors only) in which the distinction is the 

N 
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effect of (or the seven colors were produced 
by) refracting the rays of ligkt. 

But how, only turning the rays in their 
course to the eve, without in some other 
manner, affecting the power of their opera- 
tion, can communicate to the mind, an idea 
of a different color than that which the same 
rays would have done, if they had not been 
turned, is not to be conceived. But the fact 
seems to be, that the rays which are turned 
in their course, meet with a resistance from 
the substance that turns them, by which they 
are retarded in their velocity, and the mo* 
mentum with which they strike the eye is 
diminished ; wherefore, the eye must feel a 
proportionably less operation than from those 
which are less refracted : hence the mind 
must receive or form ideas of different 
colors. 

That there are seven distinct colors only, 
appears, not merely by Sir Isaac's experi- 
ment, but by the refraction of the rays of the 
sun in falling drops of rain ; in which there 
is the appearance of a bow, exhibiting the 
same seven colors distinctly. So also, they 
appear in ice that is cracked, or by the rays 
of light passing through a prism formed of 
glass, &c. 
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It seems clearly not to be alone the refrac- 
tion or turning the rays of light in their 
course which causes the different ideas of col- 
or in the mind, but the effect of the refrac- 
tion ; i.e. retarding them in their movement, 
by the resistance of the substance against 
which they are turned, whereby their impulse 
against the eye is diminished ; which dimi- 
nution must be increased, accordingly as the 
rays are more refracted, and the irritation of 
the eye must be diminished in proportion ; 
the least degree of which, that is capable of 
exciting the idea of color in the mind, pro< 
duces the idea of a violet blue. 

Which is performed by the operation of 
the rays that are refracted to the greatest de- 
gree that can admit of excitement, sufficient 
to produce the idea of color in the mind ; 
which therefore must be the weakest of ail 
colors. 

Between the foregoing degree of refraction 
and the rays passing in straight lines, the eye 
can distinguish six more, in each degree of 
which the rays are less refracted, and conse- 
quently strike the eye with a greater impulse, 
by which the e}'e is proportionably more ir- 
ritated in each degree. 

The last of which, or the greatest degree 
of irritation which the refracted ravs can ex- 
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cite, produces in the mind the idea of a deep 
scarlet ; which must be the strongest of all 
colors. 

The rays of light, thus retarded, are not 
at once restored to their velocity ; for, when 
reflected from a substance of a certain color 
to another object, and from thence to the 
eye, their operation on it is such as to com- 
municate the idea of the color of the first sub- 
stance to the mind, as being in the last object. 

And it is rational to suppose it must be so ; 
for any substance which is reflected or re- 
bounds, must rebound with a velocity pro- 
portioned to the velocity with which it strikes 
the object of resistance. 

If the rays of light are retarded, by only 
glancing against a substance sufficiently to 
refract them, it may be asked, why they 
should not be more so by striking against an 
object in such manner as to be reflected or 
rebound ? the answer is, that the rays of 
light were designed, in part, for the medium 
of vision, and were constituted to answer 
that purpose, in which it is necessary that 
they should retain their pristine velocity, in 
all cases, except that of communicating the 
ideas of colors ; and when they strike against 
an object, they may be reflected or rebound, 
us much, or much more, by a power of re- 
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pulsion, which they possess toward objects, 
than by any elasticity ; (their possession of 
which in any degree is doubtful) and that, 
by the laws by which they are governed, they 
must move from one object to another, with 
exactly the same velocity with which they 
arrive at this world, excepting as before- 
mentioned. For any color or shade, placed 
!>e/bre a mirror, from which the rays are re- 
flected to the glass, and from thence to the 
eye, reflects the shades very nearly, as they 
appear in the object. 

The excessive celerity with which th^y 
move, requiring not more than ten minutes 
in their passage from the sun, (which is at 
the rate of 100,000 miles in a second of time) 
renders it utterly impossible to discover a 
difference in the velocity of the rays of light, 
if they vary at all. But, when they pass so 
near to a substance as to glance against it, 
or by the resistance of their repulsive power, 
to be, without touching, turned in their 
course, it is easy to conceive, that thev may 
thereby be retarded ; when, if the same rays 
had struck so directly against the substance, 
as to have been reflected, though not directly 
back, they would have rebounded with the 
same velocity \vith which they struck the 
object, 

N 2 • 
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Whether the idea which the mind annex, 
es to objects, by that degree of excitement 
on the eye that is produced by the rays of 
light passing with their natural and unre- 
tarded velocity, (which is stronger than any 
of the seven foregoing) ought to be consid- 
ered as a color, or not, is doubtful. But, 
that such white or light appearance is a com- 
pound of the seven foregoing, is still more to 
he doubted ; for the experiment which has 
been appealed to, to prove it such, is at least 
suspicious ; as the seven powders, which 
represent the seven colors, must be triturated 
or rubbed together, to an impalpable fine- 
ness, so that no particle is of sufficient size 
to reflect rays proper to exhibit either of the 
seven colors ; by which the mixture loses 
the particular property of reflection, that the 
simples possessed, before trituration, and in- 
stead of reflecting rays to exhibit ideas of 
all colors, has not power to excite ideas of 
any. 

If, to denominate an appearance, a color 
requires it to be produced by a mode of op- 
eration of the rays of light, different from that 
in which they pass from the sun to the earth, 
and from one object which has no particular 
power to alter their movement to another ; 
then white may justly be said to be no color. 
For the appearance of white is produced by 
those rays which pass in straight lines, or 
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with the rapidity of those rays in Sir Isaac's 
experiment, which have suffered no reflec- 
tion to lessen their velocity. 

It has already been observed, that the rays 
of light reflected from a second object, ex- 
cite in the mind the same ideas of color, as 
from the first. 

This operation appears to be conclusive 
proof that it is the reducing of the velocity, 
and not simply the refraction of the rays, that 
causes the different ideas of color. 

When the end of a rainbow seems to ap- 
pear among trees, &c. those objects about 
which it is visible, exhibit the colors of the 
bow. Can any one imagine, that the rays 
of light which have been refracted by striking 
the lalling drops of rain, from which drops 
they have passed in straight lines to the tree, 
must therefore, necessarily be refracted in 
theiy passage from the tree to the eye ? 
again ; what different effect can the rays of 
light possibly have on the eye, simply from 
having been refracted by the falling drops, 
from which, to the eye, they pass in straight 
lines ? it appears evident, there must be 
some difference in the mode of the mys 
passing, other than thtir refraction, though 
dependent on it ; and there is none which 
seems so probable as that of the velocity's 
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being diminished. And is it not easy t 
conceive, that the diminution of velocity 
may continue without any great degree of al- 
teration, by one or more reflections, and in 
that way, the eye receive a degree of irrita- 
tion, which may excite in the mind, similar 
ideas of color, in the first and second objects? 

Furthermore, we find that refracting the 
rays of light, does not in all crses, produce 
an idea oi variation of color. The rays may 
be refracted by one glass to another, by that 
to another, and let the rays be refracted any 
number of times, from one glass to another, 
still they excite no different ideas of color. 

And glasses, worn before the eyes, to help: 
the sight, (the utility of which depends en- 
tirely on refracting the rays, and thereby 
gathering them into a focus or pointy that the 
impression on the eye may be increased), 
produce no difference in the ideas of color ; 
which proves that refraction, without some 
other operation, does not cause the diversi- 
fied ideas of color. But if the glasses are of 
any color, the rays passing through them 
suffer the like alteration, as if they were re- 
flected from a substance of the color of the 
glasses ; yet the rays are no more refracted 
by the colored glass than the white ; which 
again proves that color docs not depend sole- 
ly on refracting the rays of light. 
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And if it can be made to appear, that the 
rays, by glancing against an object, receive 
a rotatory motion, which causes the different 
degrees of stimulus on the eye, and thereby 
produces in the mind the different ideas of 
color, I shall be content to adopt that prin- 
ciple. 

The arts of dying, painting, &c. also the 
productions of nature, which excite in the 
tnind the various ideas of color, plainly show 
it cannot be simply the refraction of the rays 
of light which produces that effect. 

And it clearly appears, there are certain 
substances which possess a quality of reflect- 
ing the rays of light ; some with greater, 
some with less degrees of velocity ; but. with 
innumerable different degrees. The art of 
dying consists in incorporating those matters 
into the substance of the cloth, &c. — for in- 
stance : to reflect the rays with a degree of 
velocity, proper to excite in the mind, by 
their irritation on the eye, the idea of the 
color of violet blue, those ingredients which 
are formed by nature for that purpose, and 
by the experience of the artist found to pro- 
ducc it, must be incorporated into the sub- 
stance of the cloth, or painted on the surface 
of the canvass, &c. of which kinds of matters 
or compounds, there are seven, which reflect 
the rays of light with velocity, to excite the 
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seven simple or primary colors, produced by 
Sir Isaac's experiment ; besides which, there 
may be produced innumerable shades or 
mixtures. 

Will any one hazard an opinion, that those 
substances or compounds have a power to 
reflect the rays in au angular direction, any 
more than they are so projected from the 
sun ? or, that having been refracted within 
the substance of the cloth or paint, from 
which they aie reflected in straight lines to 
the eye, can enable them to produce those 
particular effects, from such a movement, 
anterior to their exit from the object to the 
eye, and that without any thing different in 
their manner of existence or movement,, 
when and after they leave the object ?. 

Is it not easy to conceive, that some sub- 
stances may repel the rays of light less pow- 
erfully than others ; and that there may be 
seven of those matters, which possess differ- 
ent degrees of repulsion to the rays of ligi'<t, 
of which there may be an innumerable num- 
ber of compounds, each of which may pro- 
duce a different shade ? 

Let one turn his eyes to the foliage and 
herbage of summer, and he must acknowl- 
edge the different shades of green onjy, arc. 
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innumerable; hardly two leaves appearing 
of exactly the same green. 

The rays which are reflected from the 
surface of the substance thus colored, to an- 
other substance, as may be seen in many in- 
stances, convey to the mind the idea of color 
from the second surface, in appearance the 
same as if it originated in it, in the same 
manner as has been before observed, of the 
rays reflected by the falling drops of rain, 
which gives the appearance of the bow. 



When revising and attempting to correct 
these sheets, it was considered necessary, 
more particularly to explain the operations 
of external matters on the various organs 
of the body; whereby the mind receives or 
forms that-infinite variety of ideas with which 
i* is stored, and in most instances delighted. 

It seems evident that all sensation is the 
effect of irritation or stimulus, applied to a 
part susceptible of its operation. And to 
that sensation which is most common and 
universal in the body, we give the name of 
feeling ; such as the operation of all harsh or 
smooth substances, applied to the external 
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surface ; or of a dagger or other substance, 
within the flesh ; or of acrimonious or any 
morbid humors, whether received from with- 
out, or produced within the body. But the 
nicer operations, on the nobler organs, are 
also as entirely produced by irritation, as 
the aforementioned ; and the sensations caus- 
ed thereby may also be denominated feel- 
ing, with equal propriety as the others. 

To those operations, produced by exter- 
nal objects, on the body generally, we give 
the name of feeling. 

For instance ; if a stone comes against 
one's toe, a cake of ice against one's hand, 
or a block of wood against one's nose, we say 
we feel them ; but these are all different sub- 
stances, operating on different parts. But 
when the rays of light strike the eye, the un- 
dulations of the air affect the ear, or the sac- 
charine particles of sugar are applied to the 
tongue, we denominate the consequent sen- 
sations, seeing, hearing and tasting; not 
considering that the latter, like the former, 
are nothing more or less than feeling, produ- 
ced by the irritation of different substances, 
on different parts. 

It is necessary to have different words, to 
express operations on different parts of the 
body. But the misfortune, in the present 
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case seems to be, that erroneous ideas are 
occasioned by not considering that the dif- 
ference is in name and part only, and not in 
reality ; it being incorrect to suppose we 
have five senses, for we have only one, viz. 
the sense of feeling. 

More clearly to exemplify this, let us turn 
our attention to what nre termed the five 
senses. When a post or other substance, 
comes against my head, my hand, my foot, 
or any other part of my body, it may with 
propriety be said, I feel it ; for an irritation 
is thereby produced, on a sensible part, by 
which the mind is impressed with an idea, 
that such substance has touched the partic- 
ular point to which it is applied. 

The organs of sight only, can feel the rays 
of light ; for no other part of the body is ca- 
pable of being sensibly affected by their fee- 
ble impulse, unless they are so accumulated 
as to cause the sensation denominated 
warmth ; in which degree however they are 
insupportable to the eye. 

The inconceivable sensibility of this or- 
gan is beyond all conception ; far exceeding 
any other part of the body. So, also, does 
its usefulness as much exceed any other, 
whether considered as conducing to happi- 
ness or misery : for instances are not want- 
o 
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ing of sudden death, from the joy or grief 
produced in the mind, by the eyes' only feel- 
ing the gentle impulse of the rays of light. 
A- woman has fallen dead, by only feeling 
the irritation of the rays, striking the retina 
of the eye, by which the mind was made sen- 
sible of the return of her long lost son, whose 
life had been despaired of. It is likewise re- 
ported, that persons of delicate ard debilita- 
ted, habits have suddenly expired, by the 
eyes' feeling the rays from an object which 
excited in the mind the sensation of horror. 

And the usefulness of the eye appears in 
its enabling us, above all other organs, to 
procure knowledge, food, clothing, and all 
things necessary for convenience and happi- 
ness ; and the pleasing information thence 
received from all things around us is beyond 
conception. Nor need we be surprised at 
the exceeding sensibility of the eye, when 
we consider the curiosity of its structure. 

The eyebrows are placed over the eyes, 
'sufficiently open to admit light to pass 
through, but thick enough to prevent any 
destructive substance from tailing into the 
eyes, without notice ; and also to prevent 
too vivid a shower of the sun's rays from in- 
juring them. Nextly, the eyelash, a row of 
stiff hairs, projects erectly from the margin 
of each eyelid, which, by being brought near 
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together, may also prevent injury from the 
vivid light, but yet admit enough for the 
purpose of vision ; and which cannot fail, 
when touched, of giving notice, by the titi- 
lation at their roots, to close the eye, that, it 
may avoid injury. 

We then find the eyelids, which are not 
only under the power of the will, when re- 
quired to close, but which irresistibly and 
unavoidably close, at notice of danger ; un- 
der which rolls the eye in its socket, covered 
with a fine, smooth, pelucid membrane of 
exquisite sensibility, thick enough to. resist 
the air and the heterogenous matters which 
float in it : under this are situate various la- 
me lies of humors, separated by membranes, 
all of which are perfectly transparent, arid so 
constructed, as to converge the rays, like a 
burning lens, and concentrate them into a 
.focus or point, when they arrive at the ecu- 
tre of that most exquisitely sensible of all 
parts, the retina ; on which, the stroke of a 
comparatively few rays, is sufficiently to be 
felt, to communicate to the mind the idea 
of vision ; not by painting the image of the 
object, or by forming a shadow on the reti- 
na, but by the sense of feeling. . 

For if the image or shadow were on the 
retina, it could communicate no ideas to the 
mind, without another eye, or some organ 
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beyond the first, to be operated upon by the 
image or shadow, to communicate the sense 
of vision to the mind. 

I have no objection to the term seeing, 
but to the error which arises from suppo- 
sing it performed in a different manner fiora 
the sense of feeling in other parts. To be 
clearly understood, it is necessary to denom- 
inate the sense of feeling in the eye, differ- 
< ntty from the same sense in the fingers, &c. 

The disadvantages, by suffering cold and 
rather inconveniences, on account of the ex- 
ternal ears standing out from the head, are 
greatly overbalanced, by the conveniency of 
the increased sound, or power of the undula- 
ions of the air. 

The form of the external ear is that which 
could not. have been exceeded, for the pur- J 
pose of concentrating the waves of the air, in 
the same manner as the chrystalline humor 
of the eye does the rays of light ; by which 
mechanism, the power of those undulations 
is brought to a point, when they arrive at' 
the tympanum or drum of the ear. 

And this power is greatly increased by the 
elasticity of the external ear, whose inner 
substance is a most springy cartilage : which 
increase must have been lost, if, instead of 
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projecting, out from, the external cavity had 
been sunken into the head. 

This elasticity may become evident to 
any one who will touch the outer part of the 
ear very gently with the finger, which will 
cause a sound to the person, equal to the 
same touch on the cord of a viol. 

We cannot contemplate the moveableness 
and elasticity of the air, but with admiration. 
For almost the gentlest touch of two sub- 
stances, or the gentlest whisper through the 
lips, may (notwithstanding thousands of oth- 
er undulations are moving in every direction 
in the atmosphere) be felt to touch the sen- 
sible tympanum ; from which the mind re- 
ceives the idea of such operation. 

Not only no two of the human race can 
easily undulate the air with their tongues, so 
as not to produce a different feeling on the 
drum of the ear ; but among all the tribes of 
birds, beasts, reptiles and insects, there is 
none which may not be distinguished from 
the rest ; and also, each individual from the 
rest of its species, (which is more especially 
the case with the human) by. difference of 
kev, of shrillness and the endless modes of 
articulating sound : all of which, if the mind 
were capacious enough to receive them, 
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would be literally infinite ; for no finite mind 
can comprehend them. 

Again ; the undulations are surprisingly 
strong, for they may in some instances be 
felt by the hand, &c. If a cannon is fired 
near a house, whose walls are tight, the doors 
and windows closed, the undulations thereby 
produced will so press against the glass, as 
to break such a number of squares as will 
let in sufficient air to preserve the remain, 
ing — which may be prevented by raising the 
windows. Is it not plain, that if all were 
tight, excepting a hole of two or three in- 
ches diameter in the wall, and the hand or 
cheek were applied to it, that a force suffi- 
cicnt to break the glass, could be felt ? but 
the hand or cheek, not having been accus- 
tomed to receive impressions from such 
waves of air as those by which the mind de- 
rives ideas of sound, when applied to the ear, 
finds in the former, no analogy to the latter. 

Yet the pressure of the undulation of the 
air against the hand or cheek, is as intelli- 
gent to an adult, as the same operation is on 
the tympanum to a new-born infant, who has 
not learned, by habit, the cause of snch 
wave. 

The tongue, pallet, &c. composing the or- 
gjms of taste, are not, like the ear, (and more 
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especially the eye) defended from all things, 
having a tendency to diminish irritability ; 
but, on the contrary, are exposed to the op- 
erations of hard, rough and acrimonious sub- 
stances — to heat and cold — to the atmos- 
phere, with all things which float therein ; 
by which means, some part of the acuteness 
of sensibility must be blunted. Yet a pro. 
vident Creator has furnished those parts with 
innumerable small glands, whose excretory 
ducts constantly discharge a slimy, mucila- 
ginous matter, on their surfaces, whereby an 
acute sensibility is preserved; so, that the 
tongue can feel a difference, in things appli- 
ed, that cannot in the least be discerned by 
the common organs of feeling. The finger 
of the most discerning can find no difference 
between sugar and aloes, or honey and the 
extract of gentian ; yet, when applied to the 
tongue, it feels the greatest contrast. The 
sensations from feeling sugar and honey on 
the tongue, are denominated sweet ; those 
from aloes and extract of gentian, bitter ; 
which excite in the mind, ideas in the high- 
est degree opposite. 

And there are hardly two things in crea- 
tion, which, when applied to the tongue, do 
not produce different feelings or sensations ; 
to the vast number of which, when we add 
the inconceivable varieties in each, we find 
ourselves lost in the unbounded diversities 
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of taste 1 all of which arc nothing more ou 
less than the different feelings produced by 
the application of things in creation to that 
organ, created for the especial purpose, that 
we might never lack variety in life. 

That exalted part, the head, is furnished 
with another organ of exceeding sensibility. 
The membrane', which lines the inner cavity 
of the nostrils, on which is spread the olfac- 
tory nerve, possesses a surprising degree of 
accuteness of discernment : for the incon- 
ceivably minute particles of the effluvia, 
which exhales in unremitting showers from 
all substances, can be distinguished by the 
irritation or feeling which they produce, 
when applied to the aforesaid membrane ; 
the situation of which is most convenient for 
the reception and application of such effluvia, 
when, floating in the air. We know of no 
land animal that can live without respiration ; 
in which the air is alternately inspired and 
expired, in continual succession, through the 
nostrils, which are not straight, but curved : 
hence, the air must strike, with considerable 
force, against some parts of that membrane, 
and the effluvia which are carried with it, 
must also be forcibly and continually applied. 

And, notwithstanding its corpuscles arc 
small beyond conception, and their diversity 
surpasses imagination, they can be felt and 
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distinguished by the aforesaid membrane ; 
whereby the mind becomes sensible of the 
different substances from which they ori- 
ginate. However, the human mind is less 
accurate in its discernments from this than 
other organs ; yet there are some animals 
(dogs, &c.) which seem to discover by this 
organ, more perfectly than any other : for 
although the object be full in their view, they 
appear never to decide without smelling. 

In this again wc have another organ which 
furnishes us with endless variety. 

Concerning the general sense of feeling, 
it is enough t© observe, that in the spiral 
lines, near the ends of the fingers and toes, 
there seems to be a power (which is much: 
increased by habit) of discerning, by the 
touch, the different forms, &c. of objects. 

From the preceding observations, it seems 
to appear, that there is one sense only, and 
not five ; and that notwithstanding there is a 
great difference in the degrees ot sensibility, 
yet the operation by which they are exerci- 
sed, is essentially the same in all. 
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Any degree' of operation, by the rays of 
light, on the organs of sight, which is not 
sufficiently powerful to convey to the mind 
the idea of color, is nothing more or less than 
the rays of light being perfectly felt by the 
c\e, without any other effect or idea excited 
in the mind, than only that of information re. 
ceived, that the rays from some object have 
come into the eye. 

Nor does the mind, from such a degree 
of operation on the eye, conceive any figure, 
dimension, extension or distance of the ob- 
ject from whence they come ; nor, when they 
are increased, so as to produce the utmost 
irritation that the eye can bear, does the mind 
receive or form, through the organs ot sight, 
any idea simply by the operation of the rays 
of light, excepting the aforesaid notice, that 
light has arrived into the eye, and also the 
idea of colors ; the ideas of figure, dimen- 
sion and extension being formed in the mind, 
solely from the movtment of the eye in its 
socket, and the turning of the head en the up- 
per joint of the spine, called the atlas. The 
ideas of distance are formed in the same 
manner, and from the mind's enumerating 
and putting together the distances between 
objects of arrangement and comparison in 
the line ; by which a judgment is made up, 
of the distance of the object in view, with 
more or less accuracy. 
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To help comprehend those operations of 
the eye, by which tin. mind receives or forms 
ideas of figure, extension, &.C. of objects, let 
us suppose a cross with two arms, each twen- 
ty iVet in lengih ; one horizontal, the other 
perpendicular — When facing such a figure, 
the eye, from its inconceivable quickness, 
seems to comprehend it wholly at once ; but 
by carefully observing, we shall find we do 
not see two of the smallest parts at the same 
time. When the eye is fixed in a direction 
to receive the rays from the right hand ex- 
tremity of the horizontal arm, to be placed 
in a situation to receive them from the left 
hand extremity, the eye must roll in its sock- 
et, or the head turn on its atlas, a certain dis- 
tance ; which movement of the eve, &c. is 
the only operation from which the mind forms 
an idea ol the distance or extension, from 
one end of the arm to the other ; the mind 
receiving information, by the operation of 
light on the eye, that there is an object di- 
rectly before it, by turning the eye in its sock- 
et, in a direction to receive the rays the 
whole length of the arm, to the extremity 
on the left, (or, in common language, the 
eye following the arm) it receives informa- 
tion of the object's continuance. 

Thus the mind forms an idea of the fig- 
ure of the horizontal arm ; and from habit, 
(by the distance the eye is felt to roll, or the 
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head to turn from its situation to receive the 
rays at one end, to a situation to receive thern 
from the other) can form a judgement some- 
what correct, of the length or distance from 
one end to the other ; and in the same man- 
ner of the distance from side to side ; and by 
compounding or putting together the several 
ideas, it may have an idea of the figure of 
that arm. 

By the like movements of the eye, the 
mind may have an idea of the figure of the 
other ; and by similar movements, can find 
the two arms are placed crosswise of each 
other, thereby acquiring the idea of the fig- 
ure of a cross. And if two shorter arms 
were placed across the centre of the two for- 
mer, ranging mid- way between the longer, 
and boarded round the extremities of the 
whole — by the like movements of the eye, 
the mind can acquire the idea of a figure 
with a scolloped edge. And if to the fore- 
going, smaller figures of plants, flowers and 
animals should be added ; by the same ope- 
ration, the mind may acquire, not only the 
idea of the whole figure collectively, but of 
each individual figure of which it is compo- 
sed, and that without any figure being form- 
ed in the eye. 

So exquisitely sensible is the mind of the 
least movement of the eye, that its move. 
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ment to accommodate itself to receive the 
rays from two of the least discernable objects, 
when touching each other, will give the mind 
a just idea of which is at the right hand and 
which at the left. 

In matters of small consequence, the mind, 
by a glance of the eye to the object, forms' 
an opinion of its extension ; but in matters 
of importance, the mind deliberates, while 
the eye carefully surveys the object — for in- 
stance ; if the design in the mind is to as- 
certain the number of cubic feet on the side 
of a building, the eye is moved from a direc- 
tion to receive the rays from the right to the 
left side, and from the left to the right ; from 
top to bottom, and from bottom to top ; from 
corner to corner, and from and to every part ; 
which movements of the eye are quickly and 
often repeated, until *he mind, by consider- 
ing also the distance of the object from the 
eye, and comparing the movements of the 
eye with what it has ascertained by previous 
observations and measure, by rule of feet and 
inches, becomes satisfied as to the number 
of square feet the surface contains. The 
judgment so acquired, may be hear the true 
number ; but matters of judgment or con- 
jecture are not expected to be perfect. 

Yet, without the sensible effects of the mo- 
tion of the eye in the mind, there could be 
p 
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no idea of the extension, distance, &.c. ol 
objects, by seeing : for simply the rays op- 
erating on the eye, and thereby communica- 
ting to the mind the idea of an object from 
whence they come, though they should be 
reflected from every quarter, could not cause 
the mind to form any idea of the extension, 
&c. of the object ; as appears, by viewing an 
object of uniform surface, through a long 
slender tube, before which every part of the 
surface may be discovered, by moving it in 
such a manner as to have no other object 
seen by the eye. The motion of the uniform 
surface of the object so moved, and viewed 
by the eye whert confined and without motion, 
is not discoverable bv the eye, nor does it 
occasion an idea of extension, &c. of the 
object. 

Again ; suppose a person, sitting in a 
house, ten feet from a hole through the wall, 
one inch in diameter ; and a board without 
the house, ten feet in length and one in 
bredth, moved irregularly, back and forth, 
up and down ; all the movements short and 
indirect, but such that every part of the board 
may be seen more than once — in this case, 
although no part of the board has escaped 
inspection, yet the mind can have formed no 
idea of its extent or dimension ; because the 
board has moved and not the eye, and the 
movement lias been without any other thi»g 
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being admitted to view, as an object of ar- 
rangement or comparison, by the aid of 
which to guess at the distance, 8cc. 

Distance is judged of by the foregoing 
principal. 

When we behold an object (such as a tree, 
&c.) a long way from us, the mind forms an 
opinion of the distance, by turning the eye 
from the place where one stands, so as to re- 
ceive the rays of light from the surface of the 
earth along the whole distance betwixt the 
eye and the tree ; which movement is often 
repeated, and the eye often turned backward 
and forward, from or to objects in or near the 
line oi direction, which are usul by the mind 
as marks of direction and comparison, to en- 
able it to discover more Accurately, the 
movements of the eye, &c. by dividing the 
distance into such parts as the intervening 
objects can readily be found to admit : and 
if in the course of observation there happens 
a valley, in which the eye loses its discovery, 
it occasions a chasm in the calculation, which 
is. the cause of error in judging of the dis- 
tance ; for the hills on each side are so much 
in a range from the eye, that the two seem 
nearly together, for want of objects or sur- 
face," whereby to compare the distance. — 
But when the whole surface can be seen, or 
objects are frequent to judge the distance by = 
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after the eye has fully surveyed each, and the 
mind carefully compared, enumerated and 
put together the distances, the judgment of 
die mind thereby is as acurate as ought to be 
expected. 

The mind is also assisted in the decision, 
by the reduced appearance of the distant ob- 
reels, which it, almost without our knowl- 
edge, carefully compares, one with another, 
along the course of its inquiries, having, 
from habitual experience, learned the degree 
of diminution in appearance for certain meas- 
ured distances ; and having by like experi- 
ence, learned the distance at which certain 
siruill as well as larger objects can be distin- 
guished ; and also, by the degrees of varia- 
tion in the appearance of the colors of the 
distant objects, from the known colors of the 
same, when near by — for the colors diminish 
in brightness as the distance increases, as 
well as the apparent size. To all of which 
the mind carefully attends, and comparts one 
with another, whereby it is much aided in its 
calculations. 

Neither the dulness of the colors, nor the 
diminution of appearance, above noted, arc 
the effect of any diminution of the velocity 
of the rays of light, by the distance they have 
come, but of the rarity of the rays which 
strike the. eye ; for the rays of light being 
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sent from the object in .nil directions, must 
move in divergent lines, whereby the number 
which arrive at any given space, must de- 
crease as the distance increases ; in conse- 
quence of which, although the colors remain 
the same, the eye is more feebly irritated, 
and hence the mind is more dully affected 
with the idea of color, &c. 

Notwithstanding the rays which are fewer 
in number operate less powerfully on the eye, 
as well as those which have; suffered diminu- 
tion of velocity, yet a duller or less sensible 
operation on the mind is not all the differ- 
ence in the effect of the power's being les- 
sened in the two different manners ; for the 
degree of power being lessened by a diminu- 
tion of velocity, may produce quite another 
sensation on the mind, than that from a defi- 
ciency of power, by the rays' being fewer in 
number, although the diminution of power 
should be exactly the same in the two cases. 

Which difference is evident in many of the 
operations of nature and art. Suppose an 
ounce ball project from a gun or otherwise, 
with sixteen degrees of velocity, (and one 
of weight) against a door, hung moveably 
on hinges, and it will pass through the door 
without moving, it ; but if a spear, the end 
of which coming against the door, is exactly 
of the same dimension and form as the ball,' 
v2 
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but sixteen times heavier, is projected with 
one degree of velocity (which must cause 
each of them to possess the same power of 
motion) and strikes against the door ; in. 
stead of piercing through, it will move it on 
•.ts hinges, till the power of motion is over- 
come by the resistance with which it meets. 
The same kind of operations are observable 
iri many other things ; as is well known to 
•he smith, who understands how t9 vary the 
Iieft of his hammars and the quickness and 
force of their use, in the different operations 
'n his business. Why then may there not 
be a difference in the operation of the rays of 
Sight, when their power is diminished by dif- 
ferent causes ? 

From which it is evident, that the appear- 
-mce of the object becoming fainter, without 
my alteration in the idea of color, in conse- 
quence of fewer rays coming to the eye, fur- 
rashes no argument against the doctrine of 
colors as before stated. 

The apparent diminution of size in distant 
objects, is the effect of the smaller distance 
the eye is required to move in its socket, to 
be placed in a situation to receive ihe rays 
of light from everv quarter of them. This 
may be easily understood, by one or two ex- 
periments, which may be performed by any 
one who will place himself ten yards from a 
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building of middling size, and he will there 
find he must move his eye a material dis- 
tance, to place it in a situation to receive the 
rays from all parts of the side next him ; but 
let him remove one thousand yards from it, 
and he will there find he need move his eye 
but a small distance to survey every part of 
the same. Again ; find the distance to place 
a small platter, (perhaps twenty yards) so as 
to require the same movement of the eye, 
from a situation to receive the fays from one 
side, to a situation to receive them from the 
other, as it does to receive the rays from one 
side of the sun's disk to the opposite, and it 
will appear of the same bigness of the sun, 
though the sun is really millions of millions of 
times larger. But suppose the sUn brought 
within one hundred miles of the eye, it must 
then turn nearly one third of a circle round* 
to receive the fays from both sides. 

If the eye is susceptible of seven distinct 
degrees of irritation by the rays of light im- 
pressing on the mind, agreeably to Sir Isaac 
Newton's experiment, seven distinct idea* 
of color, (which perhaps must be admitted, 
notwithstanding every one has not the saga- 
city clearly to discern seven in the bow, Sec.) 
it exhibits another instance of the uniformity 
in the operations of the laws of nature ; for 
the ear is capable of receiving seven distinct 
sensations of irritation, by the undulations of 
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the air, impressing on the mind seven distinct- 
ideas of sound ; among which there are cer. 
tain undulations which seem* to follow each 
other, in such close succession, that the ir- 
ritation of the one has not ceased, when the 
other begins to operate on the tympanHm, so 
that they operate partly together, impressing 
on the mind the most agreeable sensation— 
The stimuli so compounded is called by mu- 
sicians a concord, of which there are several 
degrees more or less perfect. 

This peculiarly agreeable sensation seems 
to be produced by circular undulations of 
the air, moving in waves that intersect each 
other, and move with equal velocities, so 
that the intersections continue until the undu- 
l a l ions cease. 

Which intersections cause the tympaiuutt 
to receive the force of two undulations, partly 
at the same time ; and by their angular di- 
rection, to strike it in a manner that no other 
undulation can. This degree of irritation 
and manner of application, is that which- 
above all others gives pleasure to the mind. 

To acquire an idea of the modus operandi, 
let scattering drops of water be caused to fall 
upon a still pool or cistern of water, and it 
may be observed that the circular waves or 
spheres produced thereby will be increased, 
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in proportion to the distances they have mo- 
ved ; by which the intersections of their cir- 
cles will be continued until the water be- 
comes nearly quiescent. On similar inter- 
sections of the undulations of the air, doe6 
the harmony of sound depend. 

There are but seven distinct sounds, with- 
in which the above consonance of operations 
of the undulations must be effected ; for ex- 
perience proves, that the eighth, or octave, 
whether higher or lower, becomes the same, 
with regard to the above operations. And 
it is evident, that octave:* are produced by 
undulations, which .differ from those produ- 
cing unisons, only in the quantity of air in 
motion ; which, whether greater or less, 
moves with the same velocity : and notwith- 
standing the mind can discern a difference 
between octaves and unisons, yet the undu- 
lations are in perfect unison as regards the 
motion of the waves of air. And although 
musicians distinguish octaves and unisons 
by different appellations, still the undulations 
which produce them, are so perfectly in uni- 
son, that when the bow is drawn on the C 
string of a base viol, perfectly in tune, and a 
finger is placed on the G string, at C, the G 
string will vibrate without the bow's touch- 
ing it, almost as much as if the bow were 
drawn on that alone. 
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From this experiment we alio discover 
the power and force of the tmdttlations of the 
air ; for to cause so heavy a string and so 
tensely distended, so powerfully to vibrate, 
must require no small energy of so rare a 
fluid as the air. It seems evident that the 
tension of the two strings is such as will vi. 
brate in unison ; {i.e. in equal spaces of time) 
for the linger being moved either way, so fat 
as will vary the sound a note, will prevent 
the vibration. 

So also, let a string of a violin be in uni- 
son with one of a base viol, the violin on a 
shelf ; the bow being drawn on the string of 
the base viol, the cord of the violin at some 
distance will vibrate and sound audibly, by 
the power of the undulation of the air, caused 
by the vibration of the base viol string. But 
the two strings must move in perfect unison, 
which is the most perfect but not the most 
pleasant concord. 



So great is the quantity of fire evolved 
from the productions of the laws of nature, 
while decompounding, that there seems to 
remain no room for doubts concerning its be- 
ing a component part of all compound sub- 
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stances. Its minuteness, and the rapidity 
with which it is dissipated, in some instances 
entirely, and in many, almost entirely, pre- 
vents its discovery ; but in all cases where 
it can be brought to operate directly on an 
object, while evolving, the effect manifests 
incontestible evidence of a surprising quan- 
tity — as when by friction, a small quantity 
of iroa is decompounded, the fire tha,t is 
evolved will not only cause a cistern of water 
to boil, but continue its boiling for any length 
of time. 

Fire being connected with all compound 
substances, affords an unbounded field for 
inquiry ; and the subjects which become the 
tleme and reflection of these inquiries, will, 
as has been heretofore practised, be attended 
to as they occur to mind, without any re- 
gard to system. 

The excessive stimulus of fire, when ap- 
plied to living animal flesh, produces an in- 
direct debility, which, when powerful, des- 
troys all motion and life, and eventually pro- 
duces a solution of continuity ; whereby the 
cuticle is disunited from the true skin, and 
the most excruciating pain is experienced. 
The subtle, exuded fluids, lodged in the 
interstices of the skin, and the lymph from 
the ruptured lymphatic vessels which are 
not utterly destroyed, but excited to greater 
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action, by the stimulus of the fire, are ford* 
bly discharged into the opening ; hence 
vesications similar to those produced by the 
stimulus of cantharides. 

The nerves, which are the life-chords of 
pleasure, are also susceptible oi the most ex- 
cruciating pain, and as faithful centinels, are 
placed in every part of the body, to convey 
to the mind the presence of danger and the 
operation of injury. To them the operation 
of no hurtful agent in nature is more irksome 
than that of fire. 

It is in the fleshy substance, (of whatever 
kind it may be) betwixt that in which life is 
utterly destroyed, and that which is sound, 
that such insupportable pain is suffered ; and 
it is- for the purpose of procuring ease and 
safety to that portion of flesh, that the atten- 
tion of the surgeon is called. Regular prac- 
tice admits of two modes of treatment,which, 
in operation, are diametrically opposite ; one 
or the other of which ought to be more gen- 
erally followed. The one is instantly to im- 
merse the part in cold water; or, by ab- 
sorbing water with indian meal or other sub- 
stance, to apply it in form of a poultice ; and 
when becoming warm, which is manifest by 
the return of pain, it is to be removed and a 
cold one applied from time to time, until.it 



may remain on the part and become warfe 
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without a return of pain. The cold, it 
whatever way applied, should be continued, 
until life is utterly extinct in the parts which 
are greatly injured. 

The well known sedative operation of cold 
quickly palsies all sensation in those fibres, 
which, from the stimulus of fire, suffer pain 
seemingly insupportable ; and by the same 
sedative power, prevents returning sensation 
in those that have suffered a temporary cessa- 
tion of sensibility, by a more powerful stimu- 
lus : by which operation, pain is almost en- 
tirely prevented. But the consequence is, 
that the flesh, so benumbed, must perish and 
slough off with that above it, which had in 
the first instance suffered a total loss of life by 
the fire ; leaving an ulcer so much deeper, 
to granulate and cicatrise. 

The other method is, instantly to apply 
stimulants ; such as spirit or oil of turpen- 
tine, mixed with an equal quantity of sweet 
oil ; or the warmth of fire at some proper dis- 
tance ; or a dead coal, from which all emis- 
sion of fire has not ceased ; or other conven- 
ient stimulants — by which those fibres that 
have lost all sensibility, but in which life is 
not utterly extinct, are resuscitated and sen- 
sat^m returned to them, with excruciating 
pafn : which pain will be more acute, but 
$ shorter duration, in proportion to the de- 
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gree of the stimulus applied. By this lasi 
method of treatment, much more pain is en- 
dured by the patient, than by the former ; 
but much flesh is preserved and restored to 
"life, consequently much less to" slough off; 
and the ulcer being less and not so deep, will 
become sound much sooner. It i§ therefore 
to be left to the discretion of the patient or 
his advisers, which method to adopt. 

When gently stimulating vegetables (bruis- 
ed or scraped, and formed into a poultice) 
•re applied,, as is often practised, many of the 
fibres that had been, in the first instance, en- 
tirely palsied, by the indirect debility produ- 
ced by the stimulus of the fire, will be for 
many hours, and in some cases for days, 
slowly returning, one after another, to sen- 
sibility and life, with unremitting pain and 
uneasiness ; by the irritation of which, a 
greater or less degree of redness and inflam- 
mation must be produced; and the good wo- 
men, without hesitation, pronounce that the 
fire is not taken out, and either a sedative or 
stimulating remedy is applied ; by the ope- 
ration of which, in one or the other of the 
foregoing ways, the injured fibres are sooner 
or later brought to one of the aforementioned 
states of ease, when the inflammation sponta- 
neously abates, and the idea of remaining fire 
is removed. But it is altogether absurd, to 
sippose that any fire, which was communicar 



the Laws of Nature, 186 

fed to the part, under whatever treatment, 
remains in the flesh many minutes after the 
burning. 

It is very probable that the slowly return- 
ing sensibility and life in the fibres of the 
fleshy substance, injured as above, may, by 
their irritating tention and attendant pain, 
for a length of time, produce an inflammation 
which may prove destructive to a portion of 
the before uninjured substance, whereby a 
very disagreeable ulcer may be produced, 
which might have been prevented by t!ic ap- 
plication of cold water in the first instance. 
If the last mentioned idea is correct,; also 
considering that stimulants are not always at 
hand like cold water, the latter may be pre- 
ferred. 



Caloric is defined to be "the principle of 
heat, latent heat and fixed heat ;" phlogiston, 
" to burn with blaze or flame ;" hydrog< n, 
" the base of inflammable air and of wafer." 

We are told when fifteen parts of oxygen 
(the principal acidity, or sour getter) are 
chemically and closely combined with 
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wghty- five of hydrogen, they produce a uevr 
sompound called water. 

It ma§t be admitted that the foregoing are 
hard names ; but there appears somewhat 
much harder than those appellations ! — if the 
foregoing production is really a matter of 
lact, it is truly surprising. 

In order clearly to understand the matter, 
it seems necessary to have correct ideas of 
at least some of the elementary or component 
parts of which combustible substances are 
compounded, and the manner and effect of 
the decomposition of those substances ; and 
also, just ideas of water, not overlooking 
oxygen in our inquiries. 

Many arguments have been used to prove 
that ilrc is an element, and the effects of the 
decomposition of fuel by combustion and 
otherwise, seems sufficient to substantiate it. 

I know of no more positive evidence that 
could be adduced, that fire is a component 
part of wood, than its being evolved in sur- 
prising quantities while decompounding ; 
than which, nothing can be more obvious, 
nor more forcibly impressed on the senses of 
feeling and seeing. And I feel no disposi- 
tion to distrust my senses ; for thev are thj 
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•nly organs by which I ever received any 
evidence, in any matter whatever. 

Wood, &c. when deprived of its vegeta- 
ble life by the operations • of the laws of na- 
ture, gradually proceeds to a solution and 
decomposition of its parts,, in which state, 
under certain circumstances, it emits a very 
conspicuous glow of light, which can be no 
other than the fire evolvingslov/ly, but in the 
same proportion that its other component 
parts are disunited. And there can be no 
doubt, that whenever light can be discerned 
by the eye, that were the sensibility of our 
propcr organs of feeling sufficiently acute, 

we could also feel the warmth... 

•*> 

Indeed wood, when -in a. perishing state, 
in some instances plainly shows heat ; and 
plants that decay much more rapidly, exhib- 
it very sensible heat. But it Is seldom, if 
ever, the case, that plants, when decom- 
pounding without combustion, produce light 
that can be perceived by the -eye, although 
the quantity of light is vastly greater than that 
evolved from the wood ; the reason of which 
seems to be, that the light evolved from a 
mass of putrefying plants, like the rays which 
are making their exit from, a, .heated iron, arc 
emitted in irregular and cross directions ; 
being conveyed to no point, in sufficient 
numbers, to have any sensible operation on 
c,2 
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the eye. But putrefying wood, fish, Stcj 
have on their surfaces, a mucillaginous slime, 
which, when properly moistened, like var- 
nish, or a solution of gum arabic, Sec. caus- 
es the rays to pass oft" in regularly eradicated 
lines ; by which, although in less quantities, 
yet they come to the eye more numerously, 
thereby having a sensible effect, when the 
grosser organs of feeling can discover no 
warmth. In this we have an instance of ths 
operation of light, without discernable heat. 

But the quantity of fire evolved from wood, 
&c. is conspicuous indeed, when decom- 
pounded by fire. This fire and light are one 
and the same essence, and are the caloric, as 
above defined. 

It seems necessary now to inquire con* 
eerning its mode of operation, and different 
appearances* 

It sometimes appears to glow with a red 
neat, like heated iron — at others, to flame or 
blaze, as if it were a fog or cloud of fluid fire ; 
but these are only different modes in which 
it appears. 

"When fire is applied to a log of well sea- 
soned wood, and continued until a decompo- 
sition is excited to operation, or, by friction, 
•f :>s may be the cUse) either exciting cause 
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tiay afterwards be removed ; for the fire, 
thereby evolved, will be sufficient to continue 
the decomposition of the wood, till the whole 
is reduced and scattered in various forms. 

But this reduction is not perfect as to all 
the component parts : the caloric, (or fire) 
water, oil, &c. seem to be entirely disunited 
from the other component parts, and dissi- 
pated ; while the saline, terrene, and per- 
haps many others may still remain in com- 
pound states. 

Or the process may be so managed that 
very little of the caloric is evolved j no more 
than is sufficient to exhale the watery part, 
and most, if not all of the oil in the compost 
tion of the wood, whereby it becomes car- 
bone, (charcoal) which possesses more cal- 
oric than the same Volume of the wood of 
which it Is made, and from which, when fire 
is communicated thereto, and a strong blast 
of air applied to hasten the decomposition* 
evolves a very great quantity of caloric, pro* 
during a most intense heat* But the decom- 
position of the log (as above-mentioned) is 
gradual, and the fire, evolved slowly, appear- 
ing red like hot iron, and almost entirely 
without blaze : differing widely from the ap- 
pearance of fire, when spirits, oil, &c. arc 
decompounded thereby ; which exhibit no 
appearance of fire, except flame or blaze-— 
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all appearance of fire ceasing, as soon as the 
blaze is extinguished, or ceases. This dif- 
ference in appearance has given rise to an 
idea, that the two are not produced by one 
and the same essence, and different appella- 
tions have been invented and applied, where- 
by they are known and distinguished : to the 
appearance of solid substance, when burn- 
ing, the appellation of caloric — to that of 
fire consuming fluids, fkc. phlogiston, or hy- 
drogen ; which last seems to be considered 
as the principle or base of phlogiston, which 
i* the essence of blaze. 

But is it a hard thing to conceive, that when 
a solid substance is slowly decompounding, 
and the fire evolved sparingly, there should 
be no appearance of fire discovered any dis- 
tance, but only at the very surface of the 
substance which emits it ? and is it not easy 
to conceive, that when liquids (such as spir- 
its, oil, &g.) are consuming with rapidity, 
and the fire evolving) in great quantities, the 
compactness or thickness of the particles of 
fire emitted may render it visible, after hav- 
ing passed in diverging directions some dis- 
tance from the substance from whence they 
have arisen ? and blize is no other thanfiie 
emitted in showers sufficiently thick to be 
conspicuous ; nor is there any substance in 
such fluids, to retain the operation of fire, any 
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longer than it thus passes off in a conspicuous 

shower. 

To cause this matter to appear more plain : 
Suppose a seasoned log of wood to be split 
in the middle ; no one will dispute both 
halves being the same in the experiment — > 
set one on fire whole ; let a carpenter, with 
bis plane, work the other into the thinnest 
shavings, to which apply fire ; and accord- 
ing to the modern ideas and terms, the fire 
in one wUl be caloric, and in the other, 
phlogiston. 

The thin and perfectly dried shavings will 
burn almost as much with blaze, as spirits ; 
and the fire will remain but a short period 
longer, after the blaze is extinguished ; and 
it must be extraordinary if the blaze, once 
extinguished, should rekindle again of its 
own power, any more than in the spirit^ — « 
all this different appearance, from only alter- 
ing the figure of the wood. Now will any 
one pretend that there can be any difference 
in the fire which consumes the two halves of 
the log ? 

Wood, reduced to coal, (as above) burns 
with but little blaze ; the reason is, the coal 
being deprived of all its aqueous fluid, affords 
no exhalation of particles of water to pass off 
with those of fire ; both ol* which, if the? 
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were emitted together, would, unitedly, be 
much more conspicuous than fire alone, and 
be visible a much gi eater distance from the 
substance from which they were emitted. 

Again ; according- to the operation of ex- 
halation, as heretofore explained, when the 
rarefied steam or exhalation becomes over- 
charged with fire ; instead of passing by its 
levity directly upward, it is thrown into ed- 
dies and lateral movements, by which it is 
dissipated and repelled in every direction, 
and thereby the blaze near its source be- 
comes more visible — the effect of the lire 
may be experienced much farther from its_ 
source laterally — the air becomes much 
more charged with fire, than when the steam 
or smoke ascends directly upwards, and the 
heat is suddenly removed a great distance 
from those who depend on the comforting 
warmth, transmitted from the fire. 

The same operation is experienced by the 
blacksmith ; and is also similar to, and pro- 
duced by the same principle and law ol na- 
ture, as that concerning the degree of heat 
which can be communicated to water in an 
open vessel ; of which it has been heretofore 
mentioned, (page 62) that no art, by aug- 
menting the fire, under and about the open 
cistern, can raise the heat of the water above 
212 degrees of Fahrenheit's thermometer. 
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The reason is the same in all the last men- 
tioned. As in the open cistern, so in the 
other cases, no particles of water can remain 
condensed, when the medium of heat is rais- 
ed above 2i2 degrees (as aforesaid ;) nor 
can the medium of heat be raised by any art, 
above that degree, where there is a sufficient 
quantity of water to be exhaled." For, as ev- 
ery exhaling particle of water carries off with 
it a large quantity of heat or fire, and as every 
particle of water must inevitably be rarefied 
and exhale, when in a medium, whose heat, 
in the least, exceeds 212 degrees ; therefore, 
as long as water remains to be exhaled, the 
ktat cannot accumulate above that degree. 
So in the forge of the blacksmith — where 
there is uncoaled wood, which contains 
moisture, it must irresistably transport the 
heat from the fire ; and it is probable that n« 
art, operating with uncoaled wood, can pos- 
sibly raise a heat sufficiently strong, proper- 
ly to weld iron. 

And in the decomposition of fuel, when 
the quantity of fire evolved is much greater 
than the exhaling particles of water can at- 
tract to and carry off with themselves, the 
smoke is said to be consumed ; but instead 
of being consumed, it is only dissipated in 
t\cry direction ; that near the wood, togeth- 
or with the caloric, giving the appearance of 
blase as far as visible, after which, it is not 
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discoverable by the eye. But the instant 
the blafce appears, the heat is projected to all 
sides and communicates the sensation of 
warmth in all places about the fire. For fire 
and water, after the particles of water have 
received as much caloric as they can re- 
tain, powerfully repel each other ; and the 
corpuscles of fire areas likely to be repelled 
downwards, or laterally, as upwards, not- 
withstanding rarefied water, or steam, al- 
ways ascends. 

Water has already been defined. 

Oxygen, " the principle of acidity, or sour- 
getter," means, in modern chymistry, "that 
substance which imparts the quality of sour- 
ness to natural bodies." It is acknowledged 
that " the particles of oxygen are too pellu- 
cid or too small to be seen by the naked eye, 
or the microscope ; but its addition to oth- 
er bodies (they assert) increases their weight, 
and its subtraction, lessens it." 

If it cannot be seen nor analyzed, how can 
it be ascertained that it is the addition or sub- 
traction of oxygen, that adds to or dimin- 
ishes the gravity of bodies ? 

_ Acidity (sourness) seems to belong prin- 
cipally to the vegetable kingdom ; lor al- 
though animal substances will sour, yet it 
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Seems to be the crude parts, or those which 
are derived from vegetables not perfectly ar< 
Jmalized, that become acid ; as sourness 
when animal substances putrefy, is quickly 
neutralized and destroyed, by the produc- 
tion of alkali, to which all perfectly formed 
animal substances seem to have a tendency. 

But acidity seems not to be a primogeniai 
substance, but a combination of certain mat 
ters, commonly if not always produced by the 
•decomposition of vegetable substances. — ■ 
And if it is admitted that it floats in the at* 
mosphere, (which is without doubt ; for the 
exhalations of vinegar and other acids cam 
■be sensibly si'nelled) and that the acid tftlu- 
?ia corrodes iron, &c. and that those sub- 
stances become heavier by its reception, it 
amounts to no proof that it is a primogeniai 
principle, which, by its own pow&r, turns 
-other matters sour. 

Is it not surprising that fifteen parts of ox- 
ygen or sourness, and eighty-five of fire, con- 
stitute water ? I should certainly hesitate, 
before plunging my hand into a composition 
known to consist of eighty- five hundredths 
of hydrogen, or fire, blunted by only fifteen 
of sourness ; for I never discovered vinegar, 
or any other acid, to prevent the eifec*: of fire 
any more than other aqueous fluids posses- 
sing no acidity. 
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There are a variety of operations which 
appear fully to prove, that each exhaling par- 
ticle of water attracts and carries with itself 
a great number of the corpuscles of fire ; 
which having been observed, but without 
sufficient attention, has undoubtedly led to 
the conclusion above stated, that fire, united 
with oxygen, forms water ; but why some 
other substance did not appear as probable to 
be the one, I am at a loss to guess. 

There is one appearance in the operation 
of the laws of nature which seems to justify 
the hypothesis, that water is compounded of 
fire and some other substance, with which it 
is combined — which is, the appearance of 
water or sweat on the surface of the body, 
when heat is excited within, by exercise or 
otherwise. 

But if sweat, which in some instances 
plentifully trickles down the surface of the 
body, was generated within the body, and 
therefore did not exhaust the fluids necessa- 
ry for the economy of the animal machine, 
there would not be (as always appears to be 
the case in profuse sweating) a supply of 
drink required, in proportion to the exhaus- 
tion ; for if the fluids of the body were not 
exhausted, there could be uo need of an ex- 
traordinary supply. 
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Again ; an extraordinary quantity of drink 
taken into the body, is at least the most pow- 
erful sudorific, and seldom fails to produce 
sweating. 

Besides these, there are many other argu- 
ments that might be adduced to the same pur* 
port ; but by an inquiry concerning animal 
heat, the matter may, possibly, appear ob- 
viated. 

Animal heat, notwithstanding the many 
attempts that have been made to account for 
its cause and existence, seems to have re- 
mained an obscure affair : with no small dif- 
fidence, therefore, some inquiries will be at- 
tempted, concerning its source, cause and 
effects. 

Whatever is received as evidence, that fire 
is a component part of vegetables, is equally 
entitled to be received as evidence, in favor 
of the proposition that it is a component part 
of animals. 

None of all the obscure and mysterious 
operations of nature lire so surprising, as 
that law which controls the materia solis, on 
its visit to this our world. Strayed, as it 
were, from its abode, when it arrives here, 
many of its corpuscles, by the power of God, 
(Otherwise called the law of nature) are ar- 
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vested aid confined, with other componen:. 
parts of vegetables, animals, &x. until, by 
the operation* of other laws uf nature, they 
are set at liberty. 

By their confinement, they are deprived 

of their operation as fire; for, although no 

other mutter existing can operate like fire, yet 

fire, when deprived of motion, loses the pow- 

' of those operations peculiar to itself. 

So much does the power of fire, when 
producing its own operations, depend upon 
motion, that many of the greatest philoso- 
phers have denied its existence, and ascribed 
its effects to an intestine motion of any mat- 
ter excited to such motion ; i.e. that it is not 
an existence, per se, but a peculiar mode of 
operation of matter. But if this is admitted, 
it must at the same time be admitted, that 
there can be no heat in any but primogenial, 
uncompounded existences ; for if the parti- 
cles of compound substances were to under- 
go such intestine motion, it must cause a de- 
composition ; whereby compounds would be 
destroyed, and their component parts redu- 
ced to their primogenial state. 

Therefore, fire must be an existence, per 
se ; which, when it is not confined with oth- 
er substances in the growth of compound 
productions, is often, for a time, detained in 
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the interstices of compound substances, man- 
it' ing by its operation on our senses, when 
>-ing, that it has been thus entangled ; 
which may be understood', from observing 
an iron or other substance, that has been 
heat and is cooling. 

Tf the arguments that have been already 
used, strengthened by the observations, re- 
flections and inquiries of the philosophizing 
mind, are not sufficient to substantiate the • 
proposition, that (ire is an elementary, com- 
ponent part of most compound substances in 
nature, it is considered that conviction con- 
cerning the matter must be left to further 
time and reflection ; which, if the proposi- 
tion is true,, cannot fail to produce the effect. 

Hazardous as it may be, it will be assum- 
ed as a fact, that caloric, materia solis, or 
fire, (for the terms all mean the same thing) 
combined with other substances, forms ani» 
mal bodies ; of which it is by no means the 
least material ; but when thus combined, is 
as inactive and inoffensive as the other com- 
ponent parts ; having power to produce nei- 
ther the decomposition of that substance of 
which it is a part, nor any other compound ; 
nor the sensation of heat; or warmth, nor te 
operate as light on the eye ; but is coiripeHed 
by the power of the law which governs' it, to 
submit to a temporary confinement in a state- 
ly 
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of inactivity, utterly repugnant to the pow- 
ers which it exhibits in its unconfincd state. 

But this confinement by no means destroys 
its essence : for when, by the operation of 
any other power, or other laws of nature, it 
is disunited and set at liberty, it is instantly 
possessed of all those powers of which it had 
been deprived ; and is capable not only of 
decompounding every compound substance, 
and communicating the sensations of heat 
and warmih, but of light. 

Fire thus confined and inactive, is in no 
small proportion a component part of animal 
bodies, which are continually decompound- 
ing and rennovating, by the application of nu- 
tritious matter, derived from animal substan- 
ces or vegetables, which are also a compound 
of fire and other materials. These, by the 
power of the natural functions, are propor- 
tioned and applied to increase the growth, 
or to supply the decays that are produced by 
numerous means, in such bodies. Hence 
they are supplied with a necessary propor. 
tion of caloric or fire, which, by the various 
causes of abrasion, distraction, decay or de- 
composition, is set at liberty, and being thus 
restored to its primogenial, active state, is 
diffused through the animal body, which is 
thereby supplied with sufficient heat or 
warmth. 
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This animal heat is greatest about the vi- 
tal parts, where the vital functions most pow- 
erfully perform those offices which are indis- 
pensably necessary, for the support of the 
animal economy. But notwithstanding the 
decomposition of animal substance is much 
greater in those parts, and the heat of the 
body consequently more abundant ; yet it is 
carried by the circulating fluids and other- 
wise, to the extreme parts, especially in a 
state of vigor and health, so as to keep the ex- 
tremities sufficiently warm. 

Various arc the causes of decomposition, 
by which the body is supplied with heat. 

The operations of the natural functions on 
the aliment, whereby it is digested and pre- 
pared for assimulation with the body, doubt- 
less so far decompounds the food as to set at 
liberty some portion of caloric in the stom- 
ach, Sec. which are in the centre of the body, 
•uid consequently it is not lost. 

The vital functions, by the extreme and 
incessant velocity with which the fluids are 
forced through the heart and sanguiferous 
vessels, and the constant heaving of the 
lungs, &c. must cnuse a great decomposition 
*>f tjie substance of the body. 
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Even the exercise of the animal functions 
may cause decomposition — ior instance ;■ 
stud), thinking and reasoning ardently , de- 
bilitate the body. 

But muscular exertion surpasses all other 
causes of decomposition ; for by violent ex- 
ercise, both man and beast suffer a rapid de- 
cay of corporeal substance, and experience 
the most excessive heat through their bodies. 

That animal heat depends upon the de. 
composition of the body, the materia solis 
being thereby set at liberty, is evident, by 
the heat in fever : for when the subject is 
robust and full, the feverish heat is excessive 
the firsst days, while the body rapidly dis- 
solves away ; but in most, if not all cases, 
the heat abates as soon as the body becomes 
emaciated, and little is left to be decompoun- 
ded and furnish fire to continue preternatu- 
ral heat. 

And it further appears, that those reme- 
dies, which, above all others, abate the heat 
in fever, are such as are most powerful in 
preventing decomposition or dissolution, viz. 
peruvian bark, sal nitre, and the effervescing 
mixture of acids and alkalies ; and also, 
pure, fresh and cool air — at the same time, 
most cautiously avoiding all contaminated, 
putrescent, deleterious effluvia. 
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Nothing perhaps more powerfully pre- 
vents putrefaction, or a complete solution of 
continuity, than the aforementioned bark 
and salt p^tre. And the exhalations from 
effervescing mixtures of acids and alkalies, 
will re store to sweetness, meat that is taint- 
ed. The exhalations from lime, in the most 
sovereign manner, purifies a. contaminated 
air. 

Again ; fire cannot be made to burn, but 
will be extinguished in the medium ef those 
gases which most powerfully resist putrefac- 
tion, or the decomposition of wood, tallow, 
oil, &c. 

But siK.h remedies are to be understood to 
he useful in those fevers which are produced 
by exhalations or miasmata, from decom- 
pounding substances,. But yet, excessive 
heat,in the most violent and truly inflammato- 
ry fevers, which depend on the 'stimulus of 
excessive fullness, decreases after the first 
days. ^* 

Many have been the inventions to account 
for animal heat ; but still the greatest phi- 
losophers have acknowledged, that some yet 
undiscovered source must be found. 

If the importance of the subject, to human 
life and happiness, is duly considered, few 
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things will more engross our attention ; for 
life itself nust cease, without its exciting' 
and cherishing influence. 

A young animal ; for instance, a chicken, 
when benumbed with cold, appears to have 
only the remains of life in a most imperfect 
degree ; but when placed in a suitable de- 
gree of warmth, and so remaining, until by 
absorbing a sufficient quantity of fire it is 
warmed through, it becomes resuscitated 
with the full vigor of life. And every one' 
in this climate has experienced the loss of 
power in the muscles, to move with activity 
the fingers, &c. after great exposure to cold j 
which will suffice to convince us, that life 
Cannot remain, when, animal heat has utterly 
ceased. 

And what is there that affords more pleas- 
ure than a certain degree of heat, whether 
originating in the body and confined to it by 
clothing, or the bed in which we sleep, or re- 
ceived from without, from the sun or artifi- 
cial fire ? there is, notwithstanding, a cer- 
tain medium between the extremes of heat 
and cold, that is most agreeable to our feel- 
ings ; for when overheated, we experience 
great pleasure by the reception of cold. 

But although a particular medium is so 
extremely pleasant ; and the heat of the ani- 
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iwl body is in a great measure according to 
the quantity of fire set at liberty, by the de- 
composition of parts of our bodies, (being 
abraded and worn away by the operations of 
that which constitutes life, and which must 
be replenished by sustenance, or life eventu- 
ally cease) yet our bodies are so constituted 
and organized, that they can bear most sur- 
prising degrees of cold or heat — cold to any 
thing short of ihe freezing point, or heat al- 
most to the degree of boiling, without des- 
troying life. 

Governor Ellis observed something simi- 
lar to this, as long ago as the year 1758. 

Professor Cullen long since used many 
arguments to shew that, living animals have 
an inherent power to generate heat and cold. 

As the medium in which we exist is al- 
ways colder than the natural umperature of 
the body, except in extraordinary cases, an- 
imals stand in less need of the power of gen- 
erating cold, either for the convenience of 
the animal economy, or for the purpose of 
pleasure, than the power of generating heat, 
which is so essential to life and happiness. 
The learned professor might, therefore, be 
in an error concerning the animal power of 
generating cold, (which, however, would be 
no argument against the entity of cold) it 
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being fully sufficient for the purpose of ani- 
mal economy, to possess a power of repel. 
Xing' an extraordinary accumulation of heat in 
the body, or prevent its accession ; as the 
following experiments manifestly prove it t« 
have. 

It may not be amiss to premise, that the 
mean heat of the healthy human body is 
about 97 degrees of Fahrenheit's thermome- 
ter. Water boils at 212 degrees. 

Dr. George Fordyce, " having undress- 
ed himself in his shirt, went into a heat of 
119 degrees, and in half a minute the water 
flowed down his whole body in streams : hav- 
ing remained here fifteen minutes, he went 
into the heat of 130 degrees : — at this time 
the heat of his body was 100 degrees, and 
his pulse beat 126 times in a minute : — 
in this heat he remained fifteen minutes, and 
just before he left the room his pulse beat 
159 times in a minute, but the heat under 
his tongue, in his hand, &.c. did not exceed 
100 degrees." 

" Dr. Fordyce observes on this experi- 
ment, that there was no evaporation, but 
constantly a condensation of vapors on his 
body, and no cold was generated but by the 
animal powers." 



the Laws of Nature. 205 

- Notwithstanding the admission of the idea 
of the generation of cold in this experiment 
would be a favorable argument in proof of 
the entity of cold, it'is believed there is suf- 
ficient prosf t© substantiate the fact without 
it ; and as the design of these inquiries is to 
discover truth, the writer wishes to avail 
himself of no argument that is not truly in 
point. * 

It was'utterly unnecessary in the above 
experiment, that cold should be generated in 
the body, to keep its temperature below that 
of the surrounding medium, piovided there 
was a power in the body to resist the acces- 
sion of heat; and it has been heretofore 
proved, that exhalation, above all other 
■things, exhausts heat or fire from all heated 
bodies ; and may it not as well prevent the 
accession of heat in the body, as transport it 
therefrom ? 

. Again; in the following experiments, life 
could not have been continued, had there 
been no moisture, which, by its exhalation, 
transported the heat from the body ; and had 
the body been immersed in water, Within one 
or two degrees of the boiling point, as in 
these instances, the flesh must have been 
boiled, and life inevitably extinguished ! 
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" Dr. Solandcr stood in a room heated to 
210 degrees for three minutes, during which 
time, the quicksilver in the thermometer 
sunk to 196 degrees." " Mr. Bunks re- 
mained seven minutes in the heat of 211 de- 
grees, in which time the quicksilver had sunk 
to 198 degrees." " Th» heat of their bod- 
ies in these experiments, rose very little 
above its usual stafe." It is further observ- 
ed — " From these experiments, it is con- 
luded that no attrition, fermentation, or 
whatever else the mechanical or chymicai 
physicians have devised, can explain a pow- 
er capable of producing or destroying heat." 
1 See Quincy's Lexicon Improved, under the 
word Heat.) 

It appears, in the above experiments, that 
the diminution of heat in the room, was 
greater than its increase in the bodies, which 
seems to indicate a power in the body of 
generating cold. — Yet the body has not 
oower to generate heat or fire ; but the laws 
k ,-f the animal economy are empowered, slow- 
3v to decompound the substance of the body, 
jjy which operation, heat or fire is continual- 
ly evolved ; hence the body is supplied with 
unimal heat. 

And it appears equally true, that the body 
has not the power to generate cold. But if 
it has the p«wer to resist the accession of 
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heat, it amounts, in this case, to the same 
thing ; for the matter of cold and heat always 
repel each other. 

But if the bod} r has an inherent power to 
generate or supply cold, without deriving it 
ab extra, then the matter of cold must be an 
element, and a component part of some, if, 
not all parts of the body. 

That the matter of cold iaa component 
part of the composition of ice, we have in- 
contestible proof: and is it not equally prob- 
able it may be a component part of most, if 
not all compound substances; where, being 
combined with many other matters, it may 
remain much more permanent than in ice ? 
for it is confidently asserted, that the mix-tare 
of many substances, which separately bear 
the operation of heat to a great degree, will 
cause water to congeal to ice in the heat of 
summer ; which, if true, must be perform- 
ed by the power that such admixed substan 
ces possess, to disunite the matter of cold 
from the others, with which it is combined , 
which matter of cold is always ready to as- 
sociate with and congeal water. 

All of which, as seems to have been the 
design of the foregoing experiments, proves 
the entity of colcL 
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The appearance of sparks of fire, by a fall 
or stroke on the head, and more especially 
the eye, I have formerly viewed as a total; 
deception : so also, the glowing brightness 
of the eyes, which dogs, cats and many oth- 
er animals seem to possess the power of ex- 
hibiting at pleasure ; which in the most ob- 
scure darkness appear like balls of fire ; I 
considered imaginary^, or unaccountable ; 
but upon mature deliberation, it evidently 
. appears to be real fire or light. 

For whatever part is finished to tho high- 
est degree of sensibility and perfection, can 
sufier no- change, without a decomposition of 
some part of its substance — such is that ex- 
quisite organ, the eye, which is formed to be 
susceptible of the delicate operation of the 
rays of light only, and whose solid and fluid- 
parts can suffer no change without deconw 
pounding some portion of them. 

And for the greater perfection of perfor- 
ming vision, it is within the contractible- 
power of muscular fibres, by which the ret- 
ina is dilated or contracted, for the purpose- 
of accommodating itself to the number of 
quantity of the rays of light, which are re- 
fleeted to it. 

Which fibres, when by fear or anger the 
nervous power is excited to the highest 
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pitch, so compress the eye, that some parts 
of that finished organ is instantly decom- 
pounded, and consequently the caloric or. 
materia solis is evolved. 

The peculiar construction of the eye, 
formed for the purpose of receiving the rays 
of light, is also calculated to emit them ; by 
which means, whatever rays are evolved 
must be projected- directly forward from the 
eye, and will \ be sufficient, in the darkest 
place, to communicate the appearance of fire* 



NOTE. 

While examining the proof.fheet, it is difcovee* 
ed ta be erroneous to fay, (as in the 191ft pa^e) 
"it is only diffipated in every direction" — for there 
is exhaled with the fmoke, a portion of hydroge- 
nous gas, which pofitively burns, and adds to the 
quantity of heat projected in all directions iromthe 
fire. 
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AFTFR the foregoing meets had gone 
40 prefs, the writer, by reflecting on the 
operation of external objects and matters, 
on the organs of fenfation, and the confe- 
quent operations upon, and the effects of 
the fenfbrium thereby produced, has ac- 
quired rmny ideas entirely new to himfelf, 
i as he thinks they may be to others. 

1 he operations of the mind, in perform- 
ing memory, and reflection or reafoning, 
has been hitherto confidered too obfcure 
for inveftigation. 1 he feemingly impene- 
trable darkne's of the fubject, has led to 
the error, that thofe operations were per- 
formed by that which is not material, 
which is next at leaft, to faying, by that 
frhich has no exiftence. 

To fuppofe that any created exift- 
ence, has not parts by which it operates: 
appears abfurd ; for if it has neither the 
parts nor properties of material fubftance, 
it cannot be faid to be nearer one thing or 
gaccthan another; and the volitions of 
tocfa a mmd will be as likely to move the 
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mufcles of one body, as another. Indeed, 
it would be too abfurd to fuppofe, that 
an immaterial foul, fpirit, or mind, let its 
volitions be what »hey may, can operate 
on corporeil fubftance, by any law of na- 
ture whatever. 

How the Supreme Being operates, and 
what is the effence of an unfearchable God, 
belongs not to mortals to enquire. 

Nor has the procefs of vifion been much 
lefs obfcure. It has been confidered, by 
the firft of philofophers, that vilion is per- 
formed by the rays of light painting the 
image of the object on the retina of the 
eye ; v/hich muft ceruinly have originated 
from not having happened to think of fome 
thing more fpecious. 

What effect can an image, painted on 
the retina, have on the mind? -il the 
image vary in fize, exactly according >o 
the fubftance, which it reprefenrs ? Will 
the colour of the fhadow in the eye agree 
with its fubftance ? And if it agree exact- 
ly in all refpects ; and if it is the fhadow 
or image of folid 01 fluid fubftances, or of 
live ? what effect can an im.ige or fhadow 
painted on the retina have on the mir.d? 
( an it be more affected thereby than by a 
fhadow on the wail, when the eye is (hut, 
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and the made of the fhadow is not painted 
on the eye ? For the mind to be affected 
by an image nn the retina, there mutt be 
another internal eye, or fome other organ, 
and alfo fome kind of medium between 
the image or fhadow, and the laft men- 
tioned organ ; for without, it cannot be 
fenfibly affected; fron which effect the 
mind muft receive the information. But 
this all feems a round-about way, by no 
means agreeing with the fi nplicity of the 
operations of the laws of nature. 

In explaining the operation of hearing, 
an error fomewlut fimilar has been admit- 
ted : Becaufe the undu ations of air, op. 
erate on the mind, through the medium 
of the ear, by wh^t is called found; and 
the undulations being in fome inftances 
moderate, and becaufe the more the noife 
or found, the m->re the effect ; and a drum 
being a very noify inftrument, it has been 
underftood that the timpanum or drum of 
the ear being fituate near the foul or mind, 
operates like a drum to increafe the found ; 
hence its name. 

But when we view the matter correctly, 
and confider that feniation is the effect of 
ftimuli or irritation, moving fenfibility, 
i. e. it is from the touch of lomething, 
which, when applied, is telt, or, by its di- 



sect operation is made manifeft (through 
the medium of the fame organ, or part, to 
which it is applied) to the fenforium. 
And the operation is the fame in all the 
organs of the body, which differ only in 
acutenefs of fenfibility, and ftruclUre of 
parts ; fome being formed to receive im- 
preffions from, and feel the operations of 
certain things which cannot be brought to 
operate on other organs. 

The undulations of air cannot pafs 
through the membranes and humours of 
the eye ; nor can the rays of light pafs in 
any regular way, or in fufficient quantities 
to the tympanum, to be felt theiebyj nei- 
ther are the papillae of the tongue, nor 
the membrane of the nofe fufficiently fenfi- 
ble, to feel the undulations of air, or the 
rays ; neither can the papillae of the tongue 
feel the effluvia of a rofe, or other matters 
which float in air. Nor can the olfactory 
nerves ipreadupon the membrane that lines 
the noftrils bear the roughnefs of food ; 
nor can effluvia operate on the retina, or 
tympanum ; neither can common grofs 
fubftances operate on, or be felt by, any 
of the foregoing in their organical offices. 

"When the f regoing operations are view- 
ed in their plain and fimple order, agreebly 
to nature, all myflery vanifhes. 
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It is not uncommon for the greateft natu- 
falifts when attempting to inveitigue ob- 
fcure phenomena to »veriook -he mark, 
and fearch fo> truths far beyond where it 
might be found; the event of which is, the 
truth is not difcovered ; but the invention 
of a number of ingeni us hyporhefes, 
produce a fpecious appearance of truth, 
which are received fatisfactorily by thofe 
inquirers for truth, who take their knowl- 
edge m Ally from the writings of others, 
without making any further feirch concer- 
ning fuch Subjects. It is prefumed, that if 
the doctrine of irritation and fenfibility 
could be fcientifically purfued, it womdlead 
to the difcovery of important truths. Let 
us firil enquire what are the effects of irri- 
tation on ferfibility; or, in other words, 
how is the operation of memory, reflec* 
tion or reafoning, and decifion or judg- 
ment performed ? 

The effect; of irritation, on a part fuf- 
ceptible of its operation, is motion. The 
particular kind, or manner of the motion, 
whether concuffion, contraction or vibra- 
tion, is very difficult, if not impoflible to 
be ascertained. Nor is it of any impor- 
tance to us to know. Poflibly in fome 
cafes one, and in fome another, and 
they may be fometimes compounded ; be 
that ai it may, it will be convenient to ex. 
1* 
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prefs it by the term vibration. It feeffis 
that when a nerve is irritated at its ex- 
tremity, it vibrates with the rapidity of 
thought its whole length But clearly to 
comprehend the matter, it appears necef- 
fary to have fome ideas of the nervous fyf- 
tem. 

The number of nerves is faid to be for- 
ty pairs ; ten arifing from the brain with- 
in the head, and thirty pairs from the 
medulla fpinalis, or pith of the back bone. 
It is faid there is alfo another pair, which 
pafs from the head, on each lide of the 
back bone. 

Although the nerves are comparatively 
fmall, yet, they are divided into innumer- 
able fmall fibres •, for there is not an ar- 
tery, vein or mufcie, but which is accom- 
panied with a nerve ; and probably not a 
fibre without a twig of one : nor is there 
any part, (the folid fubftance of the bones, 
the nails, and hair excepted,) without 
nerves. They are the life cords, and the 
cords of fenfation. Through them all 
fenfe is collected, at the fenforium ; and 
by them all memory, reflection or reafon- 
ing, and decifion or judgment is perform- 
ed. For the union or concentration of all 
the nerves compoles the fenforium, which 
is fuppofed to be in the head j and which 
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muft he the centre of flnfation, whether 
denominated foul or mind ; which, with 
al its branches, conftitutes the corporeal 
Lervous f) ^em ; to every fibre of which, 
whether in the fenforium or its branches, 
is annexed an immaterial law of fenfibility. 

This iaw of nature completes the ner- 
vous fyftem : Yet, notwithstanding it< im- 
portance, feena-. hitherto not to have been 
noticed That there is fenfibility in the 
f)ftem, will not be denied ; but that it ex- 
ilts in a law of nature, may be doubted by 
fome. That it exifts in a law, ru e or or- 
der, feerm- evident fr« m this ; tnat matter 
cannot feel, or have fenfibility : neither 
can matter attract or repel; but matter 
may have had an invariable law annexed 
to it at creation ; or can have a law of at- 
traction communicated to it, as the artifi- 
cial magnet has from the natural by touch- 
ing. And ileel or iron may be made to 
poffefs fuch iaw by friction, or by a partic- 
ular manner of putting divers pieces to- 
gether, and welding, working, &c. And 
it is confidently afferted, that a bar of iron 
fufpended by one end, will acquire a law 
of attraction ; which will become manifeft 
after fome years continuance in that pofi- 
tion, by the lower end that is at liberty, 
inc ining to the north ; to a degree that 
puts the operation out ot all diipute. 8& 
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alfo the partic'es of water poflefs a law of 
repu lion toward each other. 

But in all the above ca^es, attraction or 
repusfion are not properties of matter, but 
properties repugnant to it ; f >r it is in- 
nately inert, dead, and unoperative. liut 
by certain figure, combination or mo- 
dification, may become a centre for fuch ; 
law ; which, when annexed thereto, may 
operate from or within it. Is it not then 
abfurd, to fuppofe that inert matter can 
feel of itfelf, or in any form have ienfibil. 
ity ? And is it hard to conceive, that in 
fome certain form, ftate or modification, 
it can become the centre of a law of " ] 
fenfibility, which may in fjch ftate be ; 
thereto annexed ? Which law may further « 
depend upon ibme particular operation of 
the matter eonftituting its centre or refi- 
dence to excite it to operation j upon the 
fufpenfi >n of which operation, the law of ' 
fenfibility may alfo be fufpended. 

That the nerves are the only centre or 
matter to which the law of fenfibility is 
annexed, is evident from this, that no 
kind or degree of fenfibility can be difcov- 
ered in any other matter, or combination of 
matter whatever. And when the trunk 
of a nerve, extending from the fenforiumto 
any limb is tied, cut, or otherwife deftrov- I 



APPENDIX. 

cd, all motion in that limb ceafes ; and all 
fenfibility or feeling is fo entirely loft, that 
if hid from the eyes, the limb might be 
burned off without pain, or the perfon 
knowing any thing of the matter. 

That the lavr of fenfibility depends upom 
fome particular operation or itatc of the 
matter conftituting its centre, to excite it 
to operation, is evident from this, that 
the law of fenfibility, in any one nerve, 
does not operate at all times ; but for the 
moft part is fufpended, and that no matter 
or thing, fo long as its foi m and mode of 
exiftencc n mains identically the fame, can 
poflibly have a different effect, or caufe any 
different operation of any other matter 
wha;ever : The'efore, there muft, without 
doubt, be an alteration in the form < r 
manner of exiftence of the nerves, to ena- 
ble them to excite the law of fenfibility to 
operation. But, becaufe alteration of form 
require motion in the component parts of 
any fubitance to produce it, which muft 
require m<;re time to effect, than fimply to 
produce motion, it feems it muft be the ef- 
fect of motion \ the particular kind of 
which ia immaterial; but vibratory or 
tremulous feems moft probable. 

That the law of fenfibility is excited by 
motion of the nerves, appeals evident raa* 
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ny ways — for life itfelf appears to exift irt : 
motion ; and the operation of exciting 
powers externa ly applied to the nerves, as 
well as thofe within, are fuch that we muft 
reafonab!y expect will produce motion. 
And when from compreflion of a nerve, 
that is diftributed upon a limb, or the 
limb is fuffered fo long to reft, that the 
nerves have loft their mobility, it becomes 
numb, fenfelefs, and motionlefs ; but by 
ftirring, rubbing, &c. the nerves are re- 
ftored to a ftate capable of motion ; but if 
the inaction has become more permanent ; 
powerful, and rough operations are necef- 
fary to reftore the nerves to a moveable 
ftr,te. 

It is common for anatomifts, from ob- 
ferving the tonneclions and dependences ; 
of the component parts of the body, to in- 
form us of the ufe of the feveral parts 
thereof ; which has been done with great ; 
judgment and propriety. And it may 
without a doubt be faid, that the ufe of 
the whole body, except the nerves, is for 
the fupport, nourifhment, defence, and 
fyllematical ftruchire of rhe fabrick or the 
nerves. For the nervous fyftem confti- 
tutes the Man, *nd is alone (when fup- 
ported as above) fufficient for al the exi- 
gencies of animal life ; and does perform 
all matters, things, and purpofes thereof 



APP r NDIX. 11 

That there i- fenfibility we know; that it 
mult have a centre from which it oper- 
ates, aida fource from whence derired, 
are equally certain. But the ciifiiruity of 
perceiving, and underfianding .he mode 
or ; ts operation, may equally prefent itfelf 
to view, as an objection 10 all proportions, 
offered to explain its effence, refidente, 
and derivation. 

Is it eafier to conceive that fteel can 
poffefs a law, whereby it can attract other 
lleel, with( ut coming in contact with it, 
and without chains, cords, or any other 
matter ferving as a medium of operations,, 
and that at confiderab!e diftance, (and who 
can tell ihe diftance to which polar attrac- 
tion operates, J and with no fmall power, 
than to conceive that the nerves may pof- 
fefs a law of fenfibility, by which ihey may 
become fufceptible of the irritating power 
ot whatever matters are applied to, or 
come in contact with them ? 

Can it then be denied, that fenfibility 
exifts in a law of nature ; that v refit Jes in 
the nerves; and not unlike al other laws 
of nature is folcly, and continually depen- 
dent on, and derived from the great author 
of all exiilencc ? 
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This law pcrfe&s the nervous fyftem ■; 
which, by its union, is finished for all the 
purpofes of ihe animal body. 

It appears, that from the highefl pitch 
•of perfection in the nervous lydem, (aric! 
that is p. IT- fled by man ) there is a def- 
cent. by regular degrees, to the lowed or 
moft ftupid fpecies of animals ; fur there 
aie nations, ore of whii h is the Hottentots, 
that feem t> poflefs ratio> al powers but in 
a fma.l degree above the moft fagacious nnd 
rational of the brute creation : Among 
which, there arc fome that appear to pof- 
fefs animal life, but one degree above the 
vegetable creation. 

The only difference there is between the 
lowed degree of the animal, and the mod 
active of the vegetable kingdoms, is, that 
in the animal, the nervous fydem in the 
very ow d order, conditutes at lead, fome 
degree of memory and reflection, hut in 
the vege able motion is performed by the 
contractile power of their mufcular fibres, 
by which their leaves and flowers are fol- 
ded together, which appear in feveral 
kinds, denominated fenfitive plants, which 
when touched, do in a iurprifing manner, 
thus fold their leaves and flowers as if for 
fafety ; but when left to themfelves, foon 
again, by the fpontaneous relaxation oi 
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thofe muftular fibres, rife and fpread them- 
feives in full luftre. But rhis all does not 
prove that fuch plants ha e mental pow- 
ers ; 1 e. memory or reflection; but only, 
that their mufcular fibres have a en trac- 
tile power, iufceptible of excitement, by 
irritation externally applied. nd al- 
though by their motions, we can difcover 
but afliort ftep from the animal to the 
-vegetable kingdom; yet, it is in reality 
y<n gicat : for the animal has a nervous 
fyftem which is wan. big in the vegetable, 
ard it is that, by which'the two aie to be' 
diuinguifhed. 

The nervous fyftem, feems to be "a 
wheel, within a wheel ;" the animal body 
might have been produced by the laws of 
naure, with ks figure and all its part?, 
except the nerves complete without it 
fixed like a tree to one fpot ; but it would 
then have been only a vegetable. 

The aforefaid law of fenfibility, is of the 
utmoft importance, in every point of view, 
relative to the operations of the animal 
body. By its effects, do the medium of 
all conveyances, communicate the fenfa- 
tion of external objects, to the fenforium ; 
and by its power, does the fenforium per- 
form all its operations ; in it, docs all icn- 
i'ation, or feeling, of plcafure or pain cxift : 
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for they are both produced by irritation. 
But what effect can an irritating power 
have, without fenfibility ? The foregoing, 
corporeal nervous fyftem, finifhed, by hav- 
ing the immaterial law of fenfibiiity there- 
to annexed; coniiitutes the animal ful, 
which is common to all animals : for the 
moll ftupid reptile, is not utterly deftitute 
of fome degree of memory, &c. but it is 
next to nothing ; as, in the firft motions 
of life, difcoverable in an incubate egg, 
broken when warm from under the hen, 
in which the firft innate motion, though 
ever fo fmall, is the beginning of animal 
life; with which memory begins: and as 
reflection, is the recollection, comparing, 
&c. of what has been impreffed on he 
fenforium it quickly folsows, at leaft, as 
ibon as the fenforium has become futfi- 
ciently perfected for the purpofe. But, as 
before obferved, thofe operations are but 
one remove from nothing ; but the low- 
nefs of the degree, is no argument againft 
their exiftence. 

But the animal foul grows and decays 
wiih the body : therefore, as the animal 
proceeds towards maturity, the animal 
foul aifo becomes more perfect ; and by 
habit is ftH much more matured. Which 
agrees with every day's obfervaticn, as 
ffejl as the decaying 6f the animal foul. 
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with that of the body : for when fuddenly 
reduced by iicknefs, a perfon of mature 
age becomes a mere infant, as to powers of 
the mind. 

Alfo, in old age, a perfon becomes as 
deftitute of mental powers, as an infant ; 
fo that if no difeafe or violence puts a pe- 
riod to life, but it ceafes by wear and de- 
cay of time only ; the powers of the body 
and animal foul, boih decreafe as gradual- 
ly as they increafed in infancy, "until at 
laft both become extinct at once. 

It is the animal foul, that diftinguifhe? 
the animal from the vegetable kingdom, 
and it anfwers all the pu.pofes of animal 
life, both in the human and brutal crea- 
tions ; both equally exhibiting evidences 
of its poffeffion, except in degree of 
ftrength. The evidence of memory, re- 
flection, &c. and of dreaming, manifefted 
by many brute animals, are too much with- 
in the obfervation of every one, to require 
notice ; all which are the effects of the an- 
imal foul. 

But, it is the confeious foul, which nei ■ 
ther grows nor decays with the body, (but 
is the gift of God, to man,) that judges 
of morai good and evil ; and is the moni- 
tor within, which never fails, when at- 
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tended to, of guiding us in the difcharge 
©f every duty, and which diftinguifhes the 
human, from the brutal creation. But, 
we know nothing concerning the union of 
the moral foul with the body ; nor of its 
mode of operation : and being thus be- 
yond the power of human comprehenfion, 
it is by no means a fubject of philofophi- 
cal inveftigation. 

Notwithstanding the nervous fyftem is 
tLe completion of tne animal, yet it is not 
independent of the other parts of the bod- 
y ; the bones are requifite to give ext^n- 
tion and tone to the nerves ; aud the 
flefhy parts, ferve as a vehicle f.r the 
nerves, as well as to nourifh and fupply 
defects^ caufed by wear from natural op- 
erations. It was therefore necefTary, the 
whole frame mould have the perfect or- 
ganization it poflefies •, that the whole 
might be propagated, and continued to 
perform the deligns of creation ; yet, 
without the nervous fyftem, the body 
would have been but a vegetable. 

With fuch organization and operations 
of and within the animal body, as the 
foregoing theory prefents to view, (which 
if they are not, it is prefumed are capable 
of being fubftantiated by found reafoning,) 
many matters otherwife difficult to account 
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for, and fome altogether unaccountable on 
any other principles, become eafy to in- 
veitigate. 

By the aid of the foregoing, it is eafy to 
decide in what life confifts, and what is a 
ftate of death. 

What is a ftate of fleep, and what of wak- 
ing. 

In what pleafure and pain confift. 

The operations and effects of fome med- 
icines, and poifons. 

And the otherwife inexplicable phenom- 
ena, in many nervous affections. Some in- 
quiries, and reflections concerning thefe, 
may more properly come in fubfequently. 

ft feems proper in the next place to 
confider, how the animal foul, completed 
by the union of the law of fenfibility, per- 
forms all the operations neceffary to fulfil 
the purpofes of the animal economy. It 
was faid early in this part of the work, 
that the effect of irritation, on a part fuf- 
ceptible of its operation, mull be motion. 
It appears that the laws of gravitation, at- 
traction and repulfion, operate incefTantly ; 
although they may in fome inflances, be 

B 2 
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overpowered for a time But it appears, 
that to perfect, the operations of the ani- 
mal economy, innumerable viciflltudes o£ 
action and fufpenfion, are indifpenfably 
neceflary ; and it is reafonable to fuppofe, 
that the laws defigned to govern the fteady 
courfe of nature in the univerfe, fhou d he 
eonftituted, to perform the operations ne- 
ceflariiy connected with their offices. And 
that a law, deugned to perfect the animal 
fyflem, fhould be differently confti'.uted ; 
fo as to. fulfil the perpetual changes, nec- 
eflary in the animal economy. 

But the law of fenfibility, cannot be 
fuppofed, to caufe itfelf to operate when 
neceflary, and be* fufpended when not 
needed. Some other fource, therefore, 
mult be found, that has power to excite, 
increafe, diminifh or fufpend its opera* 
tions ; or, if confidered as operating by 
excitement only, (which is doubtlefs cor- 
rect,) it is enough, that it has power to ex.* 
cite when neceflary. 

And it feems the fources of excitement 
are numerous, and extremely extenlive — 
-that all things, which operate on the ex- 
ternal organs of the body, are exciting 
powers on the law of fenfibility ; fo are all 
reflections, and decifions or volitions, of 
the mind within. 
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So alfo is the power of the creator, in 
thofe operations, which are teirned in- 
ftinctive anions All which, operate by 
caufing a vibratory motion of the nerves, 
when thereto applied — which, if it begins 
at the external extremities of the nerves, 
the vibration is continued a'ong the nerves, 
to the feniorium. Which motion, wher- 
ev r it is produced, always excites the law 
of fenfibility to operation. 

. And alfo, that all memory, reflection, 
and decifion or volition, are performed by 
vibratory motions of the nerves, where 
they a: e concentrated ; i, e. at the fenfo- 
rium ; by which vibrations the law of fen- 
fibility is excited, and eontinu-cd as long as 
the vibratory motion remains. 

And likewife, that the fenforium does 
excite the origin of the nerves, whofe ex- 
tremities are eventually (pread upon the 
fibres of the mulcles, to the fame vibrato- 
ry motion ; which is thereby communi- 
cated to the mufcles, whereby the law o£ 
contraction, or the contractile power there- 
of, is excited, and mufcular motion per- 
formed. 

The newnefs, intricacy, and obfeurenefs 
of the fubject, renders it not only difficult 
to form correct ideas of the matter, but 



ex'remely difficult to communicate them 
fo as to be underftood, without more rep. 
etion than other wife would be agreeabie. 

An attempt will now be made, to fol- 
low the operation of excitement, on the 
law of fenfibility, through the nervous fyf- 
tem, to the final effect thereby produced. 

Suppofe an object, for inftmee, a fair 
face, placed in a fituation to reflect the 
rays of light to one's eye — the irritation 
of those rays, will be felt by the extremi- 
ties of the optick nerve, fpread on the re- 
tina ; whereby a vibratory motion will be 
produced, and the law of fenfibility there- 
to annexed, will be excited to operation, 
which vibratory motion, and excited fen- 
fibility, will be instantly conveyed along 
the nerve, and communicated to the sen- 
sorium, and the sensorium having acquir- 
ed by habit, the knowledge that there are 
a great variety of figures, by which light 
is reflected j and having also by habit, ac- 
quired the power to examine objects by 
moving the eye in its focket, and turning 
the head on its atlafs ; does for that pur- 
pofe, excite vibrations at the origin of the 
nerves, whofe extremities are spent on the 
mufdes, which actuate the eye-balls, &c. 
and by the acutenefs of thofe organs, feels 
almoft exactly the diftance the eyeballs 
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or head have moved in every direction, to 
furvey the object by which the sensorium 
acquires, the almost exacl figure, dimen- 
fions and fymmetry of the face, all which 
are continued in vigorous operation, so 
long as the rays of light, which are the 
Bloving power continue 'o operate ; and 
which vibratory motion is afterwards con- 
tinued by the power the sensorium pos» 
sesses, to continue the lav/ of fenfibility in 
Operation, but which is by no means so 
lively in the mind, as when continued by* 
the power of the moving caufe ; it being 
only the continuance or remembrance of 
what is paft, which, however continues in 
a faint degree, until some other irritation 
from without, or reflection within, directs 
the emotions of the fenforium another 
way ; when thefe emotions ceafe, and we 
fay the matter is forgotten, but in general 
is not finally loft ; eipecia:ly when the op- 
eration has been long continued, cr often 
repeated ; by which the operations have 
become habitual, and readily excited by 
reflections within the fenforium, or by 
other vibrations nearly connected with 
them, although excited by other powers. 
For the excitement caufed by the rays of 
lig t, are accompanied by, and neaily af- 
fociated with others, received thiough va- 
rious organs at the fame time ; for undu- 
tetions may be caufed by the tongue of thQ 
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fame perfon, and operate through the me- 
dium of the ear, by which the fame vibra- 
tions may be renewed, which were excited 
through the medium of the eye ; although 
the face is not fcen ; or through the me. 
dium of any of the organs of feeling, in 
any part of the body, and any other ob- 
jects feen or heard, &c. near to, and at the 
fame time with the former, may have an 
operation ; any of which operating after- 
ward, may inftantly excite the former to 
operation ; i. e. bring them to mind or re- 
membrance. 

It is within the observation of every one, 
when getting a fong, hymn, or other com- 
pofitioti by rote, that to remember the 
form of the words, the letters, and their 
ihapes, helps to recollect, the chain of words 
to be remembered. Likewife, when there 
is only fenfibility remaining in the fenfori- 
um, that fomething is to be done or per- 
formed, although every other operation 
concerning the marter has ceafed j i. e. 
although the remembrance is loft. By fee- 
ing, hearing, or otherwife being informed, 
through any of the organs, of fome other 
matters which excite vibration and con- 
iequent fenfibility in the nerves next ad- 
jacent to, or connected with, thofe whofe 
vibrations, &c. had, as above, been luf- 
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pended, they will inflantly vibrate again j 
i. c. the matter will be recollected. 

Alfo, when one wifhes to recollect, a tune, 
which has been perfectly committed to 
memory, or in other words, vibrating mo- 
tions, and confequent fenfibility excited 
thereby, have been fo often repeated, that 
the repetition has become habitual, but is 
now fuf pended ; that when the vibrations, 
which had been produced by the words 
fung with the tune, are again excited, 
which is recollecting the words, that every 
emotion, with the intire fenfibility of the 
tune, at once takes place ; and the perfon 
ib then faid perfectly to recollect the tune. 

Alfo, when one repeats a long leffon, 
learned by heart, that there is not the vi- 
brations ard fenfibility of the whole at 
once in operation, but of perhaps one fen- 
tcnce, or part of a fentence only, as repeat- 
ed ; but thai from habit, the vibrations of 
the preceding fentence excite thofe of the 
fucceeding one ; for when the whole are 
entirely fufpended, exciting the vibrations 
p-oduied by hearing the firft word, the 
next will be thereby produced, and the 
whole move on in iucceffion without de- 
l.y. From all which it feems clear, that 
memory is performed by, and exift- in. a 
vibratory motion of the nervous iyftem - a 
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and that principally at its cancentratiou, 
which conititutes the feoforium ; whereby 
the law of fenfrbility, which is annexed to 
it is excited, and continued in operation, 
as lonu. as the vibrations, on which its op- 
eration depends, continue, and no longer. 

Reflection, (reafoning) is the effect, of 
memory. V\e realon from what we k-ow; 
and our knowledge i^ neuher more nor 
lefs than what we n n .-ember. 

T here is no fmal 1 difference in man 1 ind, 
refptaing the pouei of the fei forium, in 

comparing what they do retain in memo- ■ 
ry ; aid making deductions therefrom. 

It feems to be genera ly confidered, that a . 

retentive memory, is the m< fc u efulqual- • 
iiy of the mil d. And it is true, that all 

knowledge.exifts in memory, but if one : 

could retain in memory, all the 01 curves- • 

ces, that ever came to mind, and was def- • 

t : tute of the power of comparing the paft, , 

that occurred at different time>, and alio » 

the paft with the preftnt ; thereby drawing j 

inferences from the reflections, buch mem- « 
ory would prove of little u!e. 

Tt is a pqwerful, quick, and penetrating - 
faculty of reflecting and reafoning, that 
above al other things, conftitutes grer 
powers of mind. 
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It appears from obfervation. that a re- 
tentive memory, and the power of deep 
reafoning, are rarely conjoined; it is doubt- 
Ids very happy when they are. I have 
feen an inftance of one, who poflefled the 
moft extraordinary power of retaining, and 
of repeating whatever came within his ob- 
fervation ; yet was so deftitute. of the pow- 
er of reflection, as to be incapable of pro- 
curing for himfelf a fubfiflence ; and was 
fupported by the town ; he was not in the 
leaft deranged. 

Wifhing to place this matter in as plain 
a point of view as poflible, and believing 
that the hiftorical account of a certain trans- 
action, may prove the eafieft, moft famil- 
iar, explicit, and concife way, to explain 
the mode of operation, of the fenforium, in 
performing reflection, &c is thought fuf- 
ficient apology for introducing the follow- 
ing anecdote. 

A certain man had determined to per- 
form a journey ; the place of deftination 
was fifty miles due bouth, from his refi- 
dence. He inftantly began to ponder and 
refleel upon a plan of operation, fuited to 
all bis exigencies, in the accomplishment 
thereof; the nerves compofing the fenfori- 
um, e* er buff and ready to aflift on fuch 
©ccafcons, one after another fprung into 
c 
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action ; and excited the law of fenfibility . 
with them connected ; concerning many 
matters that had heretofore excited the 
fame operations in th m, but which, un- 
til now, had remained moftly dormant. 
Of the danger and trouble of palling a 
broad, dreary, gloomy, and trackleis for? 
eft. And alfo, of the fatigue, expenfe, and 
lofs of time, inseparable from travelling a 
much greater diftance, for the purpofe of 
being accommodated with a good road, &c. 
Or in other words, in this, as in ail fiinilar 
cafes, impreflions of matters of importance, 
as well as thofe of lels confequence, which 
have been produced by the power of ex- 
citement, by light, through the medium of 
the eye, when travelling on the road at dif- 
ferent times, and alfo thole made by the 
power of excitement, from undulations of 
air through the medium of the ear, moved 
by thcMrongues of thofe, who repeat the facts 
at different periods, had for the moil part 
until now, iubfided ; fuch impreflions or 
dormant vibrations, and excited: fcnfibiiity, 
leap as it were spontaneoufly into action. 
80 in this cafe, the man becomes engaged in 
forming his plan : the active and bufy 
nerves voluntarily vibiate, and roufe to ac- 
tion the fleepirg law of fenfibility, with 
them connected. A full view of the road, 
with all matters and circumftances attend- 
ing the fame, appear plain to his mind; 
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he law a diltance of fifty miles due Weft> 
would bring him to an angle in the road, 
to which, when he fhould arrive, although 
he would then have travelled as great a 
diftance as would, if he had crofled the 
foreft, have completed his journey ; yet, 
when there, he would be twice as far from 
its end, as when at home. 

Agdn, the faithful nerves quickly pre^- 
fent his mind with a view of the road, and 
ail attendant circumftances, fifty miles due 
South ; and alfo, that although he would 
when at the -end thereof, have travelled 
twice as far, as from his refidence, to the 
place of his diftination ; yet here he would 
be no nearer than when at home. 

Again, recol'ecYion prefents to his view, 
a road extending fifty miles due Eatt ; 
which will bring him to the place of his 
deftination. Here the mind refts a while, 
contemplating a variety of real mutters and 
circumftances, together with man/ prefen. 
ted by imagination, that have not had, nor 
ever will have existence. From hence the 
mind traverfed back the rout, and review- 
ed ail matters and circumftances connected 
with it. 

Nor does fenfibility reft at the minds re- 
turn, buLprefentsto view, the paffage acrofs 
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the foreft ; the dangers from wild beafts, 
from inclemencies of weather, and from 
becoming bewildered, or loft, when at- 
tempting to purfue his courfe. 

While reflecting on the foregoing, many 
•fher fubjects prefented themfelves for con- 
fideration; protection irom inclemences of 
the weather, wheiher ftorms or cold ; 
cheering fpirits ; agreeable travelling ; and 
comfoi table lodgings, afforded by hofpita- 
ble inns on the road, were pleafing reflec- 
tions. But he recollected they coft money j 
and alfo, that money was not to be attain, 
ed without fatigue and labour. Memory 
alfo informed him, that a fufficient ftore of 
hearty food, and high fpirits, for a fhort 
journey, although not fo pleafing, would 
not be a tedious burthen to travel with; 
that fatigue caufes a fharp appetite ; and 
that " to the hungry foul, every morfel is 
fweet." 

All the foregoing, and many others, 
were, by the power of recollection, prefen- 
ted at one view, or followed each other 
in fuch quick fuccefllon, that no interve- 
ning fpace was perceptible. Thus fupplied 
with materials for reflection ; a field of 
which, were now at once prefented to his 
view : He pondered, confidered, reconild- 
ered, and reflected j comparing the advan- 
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tages in one route, with thofe in the oth- 
er ; and a!fo, the difadvantages in the one, 
with the fame in the other. From fuch 
companions, drawing inferences, and by 
comparing probable events, and occurren- 
ces in each, with the other, and having 
taken fufficient time to mature his delib- 
erations, as a wife and prudent man, will 
in ali cafes of importance do; he at lengrh, 
decided in favour of crofling the fore it ; 
i. e. he formed a judgment, that it was 
moft for his interell, and bell for him, to. 
journey that way. 

And; ?s the purfuit of mankind is hap- 
pinefjj when it is decided in the mind, that 
any certain matter or manner of proce- 
dure is heft, it is thereupon the decided 
choice : Hence, deciiiyn or judgment, and 
willing or volition are one, and the fame* 

Such is the con (1 ruction of the animal 
machine, that the decilions of the fenfori- 
um, or volitions of the mind, in all initan- 
ces, govern the mufcies, which move the 
body bo in this cafe, the chofen time 
being come, the mind willed the move- 
, ment of the body ; i. e. the fenforium ex- 
cited vibrations in the nerves, diftributed 
to the fibres of the muscles which move 
the body j and the man is thereby on his 
way. 

c 2, 
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By attending to the particulars of rhe 
foregoing relation, the meaneit capacity 
can underftand the operations, changes, 
and movements that take p ace in the ani- 
mal body, in performing memory, reflec- 
tion, and decilion. 

It appears, there are but few people, who 
have any knowledge how themfelves pro. 
ceed in forming a judgment ; that when 
compelled to decide, they proceed wirh un- 
certainty, and without knowing what they 
ought to do ; but they fhould know that 
in forming a judgment in all matters of 
importance, they are to be actuated by 
what they know only; and not by whit 
they fuppofc or believe ; and not by re- 
flecting on a part of what they know, but 
the whole : Deliberately confidering every 
minutia connected with the fubjed:. 

If fuch were the practife of thofe who 
judge law-fuits, we fliould doubtlefs, have 
Jefs erroneous judgments, from thofe who 
are unlearned, and inexperienced. 

If farmers, mechanicks, and traders 
would ftrictly attend to the above rule, 
they would meet with lei's difappointments 
in bufinefs. 
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Thit connection which fubfifts thrown 
the cuurfe of the modus opperandi, of the 
aniuul or natural foul, when performing 
its various offices, which in great meaf- 
ure, are a c >ntinuan<e of the fame chain 
of operations, of which mufcular motion 
feems the iatt link ; rendered it difficult, 
when treating of memory, reflection, &o 
to avoid making fome obfervaaon* concer- 
ning mufcular iiotion ; bur w ich, in the 
next puce, requires more paiticu.ar atten- 
tion. 



Muscular Motion, hascommonly been 
afcribed to an influx of ne vous fluid ; and 
by fome, of the arterial blood alfo, into the 
mufcular fibres ; which, when mixed there- 
in, by a fudden fermentation, caufes the 
mufcles to iwell ; by which, they are flior- 
tened in length : Others have afcribed the 
operation to the influx of nervous fluid 
only. But thefe hypothefes, have not fat- 
isfied all. 

But, admitting there is fuch a thing as 
nervous fluid, or animal fpirits, which 
feems altogether doubtfu* ; for the nerves 
are little larger than hairs ; and although 
arteries may be difcerned in them, by the 
help of a microfcope, yet, no piflage fbff 
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the nervous fluid, could ever be difcovef- 
ed. «■ ut it is admitted, that is not con- 
clufive proof, that they are not tub':* ; 
and t \\tt there is not a paffage in rhem. for 
fuch fluid, but it feems conclusive proof, 
thvit thofe fmjll cords (with no oifcernabftJ 
paffage for its conveyance,) cannot ciif- 
char-gr at iuflkient quantity of that fluid, 
to ivvell the large mu r cle, forming the 
calf of the leg. So, that it may intttnta- 
<aeoufly biing. the heel in contact with the 
thigh. Nor is it to b- fuppoied, t!iat the 
whole quantity contained in all the nerves 
m the body, and alfo in the ventricles of 
the brain, is fufficient for that purpi-fe. 
Neither doe^ it ap, ear well calculated to 
convev fenfation, as it has been commonly 
iiippo'ed to do ; for it is Inrd to conceive, 
that any thing fo grof-, as a real liquid, 
ean paf> in fuch tubes, with the rapidity of 
fenfation ; indeed, the matter appears ab- 
foiutely incredible. If it cannot caufe the 
contraction of the mufvles ; and is not the 
iredium of fenfation ; aifo, if it cannot be 
decerned nor the pafTage in which it is 
fuppofed to move; which Lift are facls : 
There appears no ufe for fuch a fluid, nor 
any reifon why we fhouid not doubt of its 
exiftence. 

But if the idea of a nervous fluid, muft 
be retained, it ought r^ot to be fuppofedi- 
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grofs liquid but a rare fine fluid ; so fub- 
tile, th.it without any cavity for the pur- 
pofe, it may pafs, with the velocity of light- 
ning, in the interftices, between the cor- 
pufcles compoling the nervous cords, in the 
fame manner as electric fluid does,througfr 
2 conductor of metallic wire. 

Thus confidered, it appears not an in* 
tqnvenient mode of conveying impreflions 
from the fenforium to the extremities of 
the nerves. But, to anfwer the purpofe of 
conveying impreflions from the furface of 
the body, to the centre of fenfation, there 
muft be an accumulation of animal fpirits, 
at the extremity of every nerve, always 
ready to perform that office, which is alto- 
gether inconfiftent with the fimplicity of 
nature ; it appears much more Ample and 
agreeable with the ufual operations of na- 
ture, to fuppofe that the touch of external 
objects, to the extremities of the nerves, 
fliould produce a vibratory, or tremulous 
motion, that may be inftantly communica- 
ted to the fenforium ; and fo fine a fluid, 
is *lfo incapable of diftending the bellies of 
the mulcles, and thereby producing muf- 
cular motion. 

The illuftrious Baron Halle r, who was 
the moft accurate anatomift and intelligent 
phyfiologili of the age, has demonftrated, 
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that the arteries contribute nothing tc 
mufcular motion, but so far as the) nour- 
llh and preferve the natural flat e of the 
parts. (. omidering the high authority of 
Baron Hallir, and it being directly in 
point, I take the liberty to tranferibe the 
following from his Prima Lina Phyjiologia^ 
where he Uys, " The direct, manner, by 
which the nerves excite motion in the 
mufcles, is so obfeure, that we may almoft 
defpair of ever being able to afcertain it. 
As to the nervous vesicles fwelling by a 
quicker influx of the nervous fpirits, it is* 
incvnfittent with anatomical truth, which 
demonilrates the leaft vifible fibres to be 
cylindrical, and in no part veficular, and is 
likewife repugnant to the celerity, with 
which mufcular motion is performed, and 
with the bulk of a mufcle, being rather di- 
minifhed d >ring its action Again, the 
inflation of the rhomboid.il chains in the fi- 
bres, is equally repugnant, both to that ce- 
lerity, and to the evidence of anatomy. 
Finally, it is by no means demountable, 
that the fibres from fo few nerves, can be 
so numerous, or diftributed in fo many 
different tranfverfe directions, with refpecl: 
to the mufcular fibres, as thofe hypoth- 
efei require to be allowed. The notion of 
nerves wove round the arterial fibres, so 
as to contract them by their ehfticity, is 
founded upon a falfe ftructure of thofe 
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fibres, fuppofing nerves to be diftributed 
where filaments of the cellular fubftancc 
only can be traced. Other explanations 
derived from fphericles full of air in the 
blood, fuppofe a falfe nature of that fluids 
namely, a repletion of it with elaftick air ? 
of which it has none." 

No explanation hitherto propofed, in 
the leaft agrees with the qmckneis with 
which the nvuicles contract, and are teiax.- 
ed. 'lhe dexterit\ of the hands of a iru- 
fician, when playing on a mufical inftru- 
metit, by habi', becomes quicker than, 
thoughts fucce.d one another ; at leaft 
when thoughts are voluntarily moved ; 
and not of one hand only, but both at the 
fame time ; yet they do not exci e theni- 
felves, but are excited by the power of the 
animal foul ; the performance of which, it 
has acquired by habit. I Iran which, nothi- 
ng can be more in evidence of the truth 
of the foregoing theory. The force of 
facts fro-m experience, are the moll irre- 
filtab'.e evidence. From practice when 
young, the writer had acquired a habit of 
taking, or catching a hand ball in air. An 
inltance of which, moved the admiration 
of a number of fpectators. Standing near 
where a ball was ftruck, with great force 
bv a bat ; the noile of which, attracted at- 
tention, and the eyes were turned that 
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^•ay when the ball within two yards from 
the e>es, reflected the .firft rays of light to 
them, they were thereby irritated ; the ir- 
ritation was communicated to the fenfbri- 
um, which excited motion in the nerves, 
diftributed to the mufcles of the arms, 
hands, &c. The mufcles were contracted, 
by which the arms, and hands were p!aqed 
in proper form and directions, guided by 
the eyes, to receive and hold the bali ; all 
which was done, while the ball, moving 
almoft with the fpeed of one diftharged 
from a gun, palled lefs than two yards, 
probably not more than one ; occupying 
a fpace of time, hardly lufhaent to p. o- 
nounce a (ingle fy liable. Arc fuch me- 
chanical operations ? Can that maxim, 
which in all cafes applies to mechanical op- 
erations, be applied to them ? By reverfing 
it may ; for mufcular motion is ftronger 
when quick, than when flow. A\\ which., 
is in proof of the truth of this theory. 

Can we not, and muft we not. give up 
the idea of explaining thoie operations, by 
any power, operating fimilarly to the me- 
chanical inventions of art j and reft fatis- 
£ed with understanding how external mat- 
ters operate on the external organs ; how 
the fenfe thereof, is communicated to the 
fenforium ; how, and by what means, cm 
if eyed from thence to the mufcles. /ind 
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admit a law, therein to exift, ordained by 
the Creator, for the purpofe of contracting 
them, &c. when thereto moved by voJiiion, 
and abandon the idea of being abie to ex- 
plain mechanical operations, which never 
have, nor ever will take place in the muf- 
cies. 

If the foregoing reafoning is conclufive, 
fame other caufe mull be devifed for the 
production of mufcular motion. There 
has been fome, who, confidering the inai- 
niiflioility of the doctrine, which taught 
that the nervous fluid produced mufcular 
motion, have denied its exiftence ; affer- 
ting that the nerves were only vibratory 
cords, and in that way performed their of- 
fices ; which appears correct, beyond what- 
ever had been before advanced. But wheth- 
er from the obfcurity of the fubjecft, or for 
Want of ieifure, they have not purfucd 
their refearches to any confiderable degree 
of inveftigation, perhaps they did not be- 
gin their enquiries far enough back, to 
have the matter become plain to them. 

It is the opinion of fome of the firft phi- 
lofophers, that, in the mod compact: folid, 
the real material fubflance, is almoft incon- 
ceivably lek than the vacuities, or ensp- 
ty interftices, betwixt its component parti- 
cles. 
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But, if to avoid any tiling extravagant, 
we allow an eagle, (gold being the heavitft 
of all metals.) to be one part in a thoufand, 
folid fubftance, and only 999 p.irts of emp. 
ty fpace ; even, that may appear furpri- 
fing to thofe unaccuftomed to reflecting <<n 
fuch fubjects ; but a little attention, may 
poflibly make it appear lefs aitonifhing. 

It is an incontestable fact, that no parti- 
cle of matter, can have lefs than fix fides ; 
although it may have more, bv varying its 
figure; for if a perfect fphere, it cannot 
have lefs than iix points answering to fix 
fides. It is alfp a f, cl, that the fintft cor- 
pufcle that has two fides, is capable of di- 
vision ; and when divided, the iides of the 
two halves, n uft amount to not lefs than 
twelve ; which will be thus increaftd by 
every fubfequent divifion. And no one 
will pretend^ that perpetual divifion can 
annihilate ; therefore, matter is c.ivifib'e, 
ad infinitum. (It is not intended that any 
finite power is capable thus to divide mat- 
ter ; but only, that it is capable of being fo 
divided.) And all will ?gree, that divif- 
ion increafes the volume of matter; i.e. 
two halves will occupy more fpace than 
when united in one. Hence, it has been 
affcrted, that a (mall particle is opable of 
divifion until its volume, without addition 
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or matter, (hall be equal in fize, to the globe 
ci the earth.* 

It has been aiTerted, and it appears with 
good reafon, that no particles of matter ev- 
er come into abiblute contact. And when 

* To think, reflect) or reason correctly and philo- 
sophically, it is of the utmost importance that the mind 
should be entirely tree from ad prejudice concerning 
the extension, minuteness, Sec of matter. '1 he in- 
tention of tliis note, is, as far as possible, to extend 
the mind to an acqmesing belief that matter is ex- 
tended beyond all fin te comprehension ; that its m - 
nulen.ss exceeds the utmost stretch of thought ; and 
that the corpuscles contained in but a small space, are 
numerous beyond the utmost extent of imagination 
to conceive. 

Notwithstanding air is not the subject under con- 
sideration in the text to which this note is subjoined, 
yet, it is considered a proper subject to exercise the 
mind upon, for the foregoing purpose. 

It has been urged, that each particle of which flu- 
ids are composed, (the properties of which, are in a 
high degree possessed by air,) possess by authority 
from the gree.t Creator, a law or power of repulsion, 
by which no two of them can be forced by any natu- 
ral power ever to come m contact, or to touch each 
other. Although that law may in some measure be 
depressed by violence, and the particles forced nearer 
one another ; yet they never cease res. sting such vio- 
lence, and soon as maybe, overcome it, and take that 
distance assigned them by the law of nature, by 
whose power they are independent of each other ; 
gliding and rolling submissive to every force, which 
does not encroach on their repellent and constituent 
law or power; and n a collected state, form a masS, 
possessing all the properties of fluidity. 
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it is expreffd th*t the particles touch or 
come in contact, it is to be underftood, 
that the law of attraction has brought them 
as near together, as rhe univerfal law of 
repulfton, (which is more or lefs annexed 
to all matter,) will admit them to come ; 

We live in, and are familiar with the air ; we see 
and are acquainted with other fluids ; we are sensible 
the particles composing them are extremely small ; 
but have we indulged imagination on the subject ? for 
our senses can give us no information concerning 
♦heir fineness, nor can a single particle affect any of 
our organs. Doubtless we have considered them fine 
indeed : — but let us indulge imagination. 

Suppose a thousand million of the particles of air t 
collected in a cistern, or bladder ; it is not probable, 
that the bladder, distended with that number, and of 
thickness equal to its size, would be a millionth part 
of the bigness of the smallest pins head; or that it 
could be discerned by the help of a microscope. 

Yet, many of our conveniences depend upon the 
operation of these, collectively ; (and in tornadoes they 
are shockingly terrible and destructive.) Nor can life 
itself, be continued, but for a moment, without thein. 

This to be sure, is carrying the imagination of the 
minuteness of matter, a great length ; but, it fal's in- 
conceivably short of the truth, for want of discern- 
ment. To aid the imagination in its excursive pur- 
suits, towards a concession of the fineness of rmitter f 
let us turn our attention to the vast expans on there- 
of; and endeavour to see, how infinitely we fall short 
in our ideas of greatness. 

We have considered the smallness of the volume, 
that a thousand million of particles of air, would 
make ; and that each particle possesses a law of re- 
pulsion, by the power of which, they are kept from 
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for, it is the taw of attraction, that brings 
together, and confines the component cor- 
pufcles, in all compound fubftances. 

But, there are a great variety of appear- 
ances in tne kingdom of nature, that de- 

ever touching one another. Let us now suppose a 
very large cistern, for if compared with one of a mid- 
dling siz , of those with which we are familiar, it must 
be lar.^e Yet, if compared with a middling size of 
those in vast cieat on, it is uncertain, whether it would 
he large of small Which cistern, is to coutam a 
thousand mil ions of particles of air ; each, of the size 
of t'.e globe rf our earth ; every one of which, to pos- 
ses, a law of repulsion, extend ng its operations the 
sjme distance from the particks, that the earths at- 
mosphere goes from it; wbch, suppose to be fifty 
mil -s. Which law of repulsion, as in fluids, gener- 
ally, cannot foe overcome ; although it may suffer de- 
i on, is it not clear, that, tins mass must, as well 
as that composed of the smaller particles, be a fluid ; 
that those particles will dandle, and roll, and the mass 
ripple when agitated ? And may we not suppose, that 
these large particles, thus compos ng a fluid, may be 
iuhab ted, by innumerable animal beings ; for, not- 
withstanding, they collectively compose a fluid, yet, 
that irres stible law, or power o£ re pulsion, which con- 
stitutes fluidity, must prevent them from touching, 
End consequently preserve the inhabitants from being 
crushed ; indeed, it seems, they would be perfectly 
secure from injury, on that account. As it appears, 
the inhab.tants of this world would b^,io case a com- 
et, with its greatest velocity, should strike full speed 
against our atmosphere, and depress it, half way from 
iis simmit to its base ; yet, the elastxk fluid woulci' 
jtepsl it, with equal velocity. 
P2 



42 APPENDIX. 

mand the explanation of another and dif- 
ferent law of nature, without which they 
are utterly inexplicable. 

There are fome inanimate fubftances, 
which become flacid, limber, or drooping 

All this, the mind can have conception of, so far as 
the subject does not extend beyond finite comprehen- 
sion. And all things are easy, with omnipotence. 

The more we rtfk-ct on such subjects, the further 
we can extend our ideas, towards comprehending the 
minuteness of matter. Let a cleat glass, containing 
good vinegar, be placed on a window, where the sun 
shines, and the naked eye, can discern innumerable 
animalcule, in shape and motion, resembling Eels. 
Consider, these must be organized bodies ; that they 
must have muscles, sinews, arteries, veins, nerves, 
Sec. that their vessels must contain circulating fluids. 
R. fleet a moment on the smallness of the particles 
composing those fluids ; which particles too, must be 
compound matter ; for pure water cannot supply the 
place of animal fluids. These, in our view, are com- 
paratively small ; hut in reality, they may be com- 
paratively large. 

Although we can form no idea of the size of a par- 
tide of air, yet, we know the great body of ar is 
made up of parts, and that there must be particles ; 
what reason can be assigned for doubting, that each , 
particle of air, (or any other fluid) may serve as a 
dwelling place, or world, for millions of millions of 
animals, of infinite variety, in form and size, to inhab- 
it ? The air being agitated by winds, and even torna- 
does, can be no objection; for, the violence of any 
agitation, can never overcome the power of repulsion, 
which prevents those globes from touching each oth- 
er ; and thereby ciushing, or in any other manner in- 
juring the inhabitants on their surfaces, .Nor is their 
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at times, and at others, regain their natural 
finnne s, tenfion. and form ; but. it is 
doubtful, whether this ever takes place, ex- 
cept in the preferved ftate of animal fub- 
ftmces j and it feems to be of the nerve 

velocity compared with that of the earth, &c. in any 
measure, equal, to that, with which om i^lobe is tos- 
sed about ; or in comparison to size rolled over 

It >s as easy for us to conceive the manner oftrans- 
actmuj business, among those small inhabitants, as 
reaily. to conceive the velocity, with which this 
earth moves round the sun. in its annual orb. Nor is 
it any objection, that the motions of our earth are 
regular; and c;>n be calculated beforehand by astron- 
omers: For. the motion of theirs may be as regular, 
as is necessary for their convenience. Dots the mat. 
ter appear too hard to admit of credit ? The answer 
is, there is nothing impossible with God. 

To assist the mind, in its attempts to conceive the 
extreme minuteness of matter ; let us again turn our 
attention to the contrary extreme. We have above, 
exercised our thoughts concerning a fluid, composed 
ot particles of the size of our earth. Let us suppose 
an earth or world, in all other respects like ours." to- 
gether with a sun, and solar system, starry region, 
Sec at proporfonate distances ; but the whole as much 
larger than ours, as the particles composing the above 
said fluid, are larger than those of common air; 
might there not be placed therein, a race of men. and 
all other animals equally large; who might respire, 
or breathe such an air, as a vital fluid- ;all other things 
bting in the same proportion,) as conveniently as we 
do the air, of this, our atmosphere ; no one dares to 
set bounds to omnipotence. And when millions of 
millions of such systems are set forth, room to place 
more in boundless space, will not in the least, be les- 
sened. 
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and mu<cuhr fibres only : fuch as cat-gut, 
ptrchmenr, Sec. which, when violently 
itreivhed. poflefs a moil extraordinary pow- 
er of con 1 1 action, wlrch they retain long, 
and d > not, p- rhaps entirely part with, un- 
til broken, or decayed. i his contractile 
p >wer, on by no means be the refult of 
the law of attraction ; for doubtLf, the law 
of attraction operates more powerfully in 
a diamond, &c. thin in a viol ftrinsf — 
Glafs teems to be fupported alrnoft alone 
by the law of attraction, notwithstanding 
it has fome tlafticity, for when but little 
diftended, its part'des feparate. And it 
appears that elafticity is in all cafes propor- 
tionate to the contractile power — the rub- 
ftance pofleffes the mufcu.ar, or nervous 
fibres, taken from that par: of i feed horfe 
where they poffefs the grcateft power of 
extenfion and contraction ; after being 
dryed retain a m ;ft furprifing contrac- 
ti e power, which they exhibit when dif- 
tc-nded ; but in living animals the power 
of diftenfi.-.n and contraction, is manifeft 
in many parts, fome of which, may with 
propriety be mentioned: i. e. all the muf- 
cles and membranes that have mufcular fi- 
bres in their texture, and which in a Tur- 
key ' ocks Comb, i> exceeding coiifpicuous, 
and the comb is probably harder when 
contracted, than when diftended j it can- 
not, therefore, be diftended by an influx 
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of fluids only but an extenfion of its rom- 
porunt parts, into which more hum >urs 
may fl >w, but without increafing the dif- 
tenfion, is evident from its foftnefs ; and 
it would be abfurd to fuppofe i's contrac- 
tion caufed by an influx of fluids, for that 
mull rather diftend than contract. 

It is alfo afferted, and doubdefs with 
truth, that the mufcles contract in diameter^ 
when they contract in length, to move a 
limb, which is conclufive evidence that they 
are not fhortened, by an influx of fluids 
dilating them, which has been the opinion 
mod generally received. 

Confidering the vacuities in hard fub- 
ftances before mentioned, it is plain that 
in the fofter mufcular fubftance, there is 
not fuch plenitude as muft prevent th-. 
particles computing them, from being 
brought nearer together, than in their nat- 
ural lituation ; and that they are not fb 
fixed, but they may recede further afunder. 

It feems necefiary to endeavour to point 
out an adequate power, for the pertorm-> 
ance of mufcular motion, aud exp ain its 
mode of operation. 

Much has be~r faid concerning laws of 
nature, or ru»es for the operations of mat- 
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t'er ; a variety of which, are by the Crea- 
tor, annexed to many matters, operating 
varioufly ; but in all cafes, anfwering the 
purpofe for wfrch they were intended. 
Several of which, have been admitted time 
immemorial ; but thofe. heretofore admit- 
ted, are not fuiticient to anfwer e^ ery re- 
quifite purpofe, to perform all the opera- 
tions m the kingdom of nature; foine of 
which operations muft be refered to the 
immediate operations of deity, or other 
laws admitted The law of feniibility has 
been fuliiciently dwelt upon ; and is as ne« 
ceifary for the accomplilhment of mufcuhr 
motion, as for any other purpofe, but that 
alone is not enough. 

A law of contraction, is alfi neceffa- 
ry. Fot, there is no<. the moft diftant fim- 
ilarity in the contraction an t diftenfion of 
a mufe'e, and any kind of mechanical pow- 
er, ever feen to operate by man. 

The mufcles, in perfect obedience to the 
will, inlUntiy performs with fpeed. md al- 
molt inconceivable force, whatever is in 
their power tor do ; and when we confi.ier 
that a perfon of 200 pounds weight, can, 
in fome inftances, raife himfelf on one leg ; 
and have alfo in mind, the difadvantage 
from the length of the thigh bone, &c, vvc 
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not but be furprifed at the ftrength ex- 
erted by the mufcles and tendons. 

The operation is altogether unlike any 
mechanical power; nor wi;l the maxim, 
which never failingly applies toan> of them, 
in the leait apply to r.is; i. e quick and 
weak, or ftrong ami (low. ' 1 o exemplify 
this, fuppofe a lever fix feet lostg\ i citing 
on a prop orfupporter fix inches bom the 
end, where the weight to be railed, is iul- 
pended ; the power to raife which, is ap- 
plied at the 01 her end, 54 feei from the 
prep. 1 he power fo applied, tnuft defcei d 
11 inches, to raife the weigh; one ; in this 
cafe, the force is ftrong ; tor a little more 
th m one pound, v/i i rife 1 1 ; but flow, for 
the power muft defcend 1 1 inches, whi e 
the weight rifea but one. Reveife the mat- 
ter, and apply the weight to the end, which 
is 5 r feet from the pr-p ; and the power 
6 inches from the fame, on the other end. 
In this fnuation, the power, by defcending 
one inch, will raife the weight eleven ; 
this will be weak, but quick, compared 
with the motion of the power which moves 
it ; but it. will require eleven pounds of 
power to balance one of weight, ard fome 
Edition to move it. And the principle is 
the fame, in all kinds of mechanical pow. 
Cm. 
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It is admitted, that the animal body, m 
many refpects, operates mechanically ; but 
that the extension and contraction or the 
mufcles, bears no affinity thereto. It is il- 
fo true, that a heavy weight re aids the 
motion, of the hand, when railing it ; but 
this equally applies to all motion, which is 
always in proportion to the refiftance that 
is nppofed to it, and when overcome, muft 
flop. 

Therefore, it muft be an inherent con- 
tractile principle, or law of contraction, 
which is annexed to each mufcular fibre; 
and which acts beyond the law of attract- 
ion ; the latter atracling the particles as 
near together, a the law of repu fion or 
the deiigned ftate of the part admits, when 
it has performed its office, but the law of 
contraction goes further ; it compels the 
particle^ to come ftil nearer together; or, 
if neceffary, to fulfil its office, forces fome 
of the corpufcles into the empty fpaces be- 
tween others. And if .neceffary fordiften- 
fion of the parts, to be cariied to a degree 
that overcomes the law of attraction ; in 
fuch cafe, the more extenfive law of con- 
traction operates, a prev< nts and feverame 
of the componant particles. 

T his law of contraction, is nv ved in all 
its operations, by the law of fenfibiiity, 
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which, in the voluntary mufcles, in a 
healthy ftate of body, is entirely under the 
controul of the fenforium. The mode of 
operation on which, and whofe mode of 
operating have been defcribed, when trea- 
ting of memory, &c. but to which, it ap- 
pears neceffary, in this place, again briefly 
to advert. 

It has more than once before, been ob- 
ferved, that the effect of ftimulants applied 
to a part fufceptible of their operation, is 
aftion. Confequently, when the rays of 
light ftrike the eye, the branches of the 
opthalmick nerve are moved, the vibra- 
tions thereby excited, are inftantaneoufly 
communicated to the fenforium, which 
continues the vibration, and propels the 
fame to fuch part, or parts, as by habit it 
has acquired the power of doing, and of 
knowing, may conduce to the fafety, ©r 
pleafure of the body ; i. e. if the ftimuli, 
producing the vibration of the nerves of 
the eye, denote the approach of a ftone, to 
the head, with deadly efFecl: ; the power of 
the fenforium, will caufe the nerves, which 
are distributed to the mufcles, which move 
• the head, and other parts, inflantly to vi- 
brate, by which the law of contraction is 
excited ; by which means, thofe mufcles 
will be contracted, or relaxed, or, fome 
one, and fome the other, as the cafe may 
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require ; by which, the head will be moved 
out of the way of dagger. 

It may at firft view, appear abfurd to 
iuppofe, that a vibratory motion only, in a 
few very fine cords, fhould produce all this 
effect ; but, let it be remembered, that the 
whole operation, is produced in the .firft 
place, by the irritation only, v» hich the eye 
feels, from the inconceivably final 1 rays of 
light linking it. Which fact, if we had 
never experienced, no evidence could but 
hardly have enforced the belief upon us, 

That mufcular motion at all times, in a 
itate of health, is the effect of the operation 
f if external matters, on the organs, of the 
body, or reflections on fuch as are remem- 
bered, that have come through the medi- 
um of thofe organs ; and volition, or v.'il- 
ling, governed by thofe operations or their 
remembrance, are produced by, and exift 
in vibrations of the nerves in the fenfori^ 
um ; and by the power of the fenforium arc 
' communicated through the medium of the 
nerves, to the extremities of the fame, 
f'pread upon the fibres of the mufdes ; are 
operations that feem not hard to under- 
(land ; and it is believed, muft appear more 
rational, than any mode hitherto propofed. 
Nor dors there any reafon appear, why the 
vibration > of thofe nerves fpread upon the 
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mulcular fibres, mould not excite the law 
of contraction, thereto annexed to opera- 
tion. The only difficulty feems to be, in 
Conceiving how a law of contraction does 
exift in, and operate on, thofe mufcular 
fibres, ib as to perform mufcular motion. 

Is it a harder thing to conceive, that the 
Almighty has eftablimed a law, or power, 
in the mufcular fibres of animals, which is 
fubject to the controul of the fenforium, 
through the medium of the nerves ; which 
law, is fuliy competent to move thofe fibres 
to perform all motion, neceflary in life ; 
and that, without operating mechanically, 
than it is to believe a law of attraction, 
annexed to the polar (Ur, or fnme other 
matter orthing,in the regions of the north; 
or that attraction, repulfion, and gravita- 
tion are performed, by immaterial laws of 
nature only ? 

The laws of nature are totally inexplica- 
ble, and we know nothing of them, but 
their operations only ; it would furprifc 
us, if any one ihouid undertake to explain 
the modus opperandi, of polar attraction ; 
i. e. in what manner the polar ilar manou- 
vres to draw the point of the needle to- 
ward itlelf ; or in what way the needle fets 
itfelf to work, to attract the northern {tar 
or region j for the attraction is mutual, al- 
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though the needle being lighteft, alone fuf- 
fers motion. If the doctrine is true, that 
reafoning, &c is performed by matter, it 
is conclufive proof, that immaterial exift- 
ence, or fimply a power to operate, is ut- 
terly beyond its comprehenfion. 



WHAT IS LIFE, AND WHAT DEATH ? 

It has been determined by great philos- 
ophers, that fire exifts in motion ; i. e. that 
fire is only an inteftine motion among the 
particles of matter ; but this hypothefes, 
ieems not well founded. 

But, it appears clear, that life exifts in 
motion, and that, if after the motion has 
extended to many nerves, it altogether 
fubfides,iife never returns again ; and that, 
when from faintnefs, or other fimilar cau- 
fes, the body appears to be dead, yet, there 
remains a degree of vibration in fome of 
the nerves ; this is confirmed, by obferving 
a bullock, when drefling by the butcher, 
many minutes after the animal is faid to be 
dead, vibratory motion, which are evident- 
ly innate, in fome parts of the flefh, are 
confpicuous. Hence, it appears plain, that 
life exifts in innate motion ; the entire 
ceffation of which, is death ! ! ! 
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WAKING AND SLEEPING. 

Life and death, are oppofite ftates ; so 
alfo in fome meafure are waking and fleep- 
ing; so much so, that deep, by a celebra- 
ted ancient poet, has been denominated, 
death's half brother. 

Vigilance or waking, confifts in fuch pre- 
sent fufceptibility, and readinefs, of the 
nervous fyftem for action, that, whatever 
ilimuiating powers are brought to act on 
the external organs, or the emotions of the 
fenforium within, may inftantly excite vi- 
brations, andfenfibility therein. And not- 
withstanding the degree of foundnefs of 
fleep, differs in different perfons, and in 
the fame perfon at different times ; yet, it 
is in degree only ; for the nervous fyftem, 
or animal foul, can no more bear unremit- 
ting exertion, than the mufcular fyftem ? 
and when exercife has been long contin 
ued, reft or inaction, will be proportiona- 
bly more permanent ; and fo unavoidable 
is reft for the nervous fyftem, that no ex- 
ertions of body or mind, nor the fear of 
death, can poftibly eventually refift it. The 
fentinel, although he knows it muft be cer- 
tain death for him, and that his fleeping on 
his poft, endangers the lives of thoufands, 
yet, he unavoidably finks down to fleep, 
k z 
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All which proves, it is a ftate of reft, not 
from mufcular exercife only, but of the 
animal foul alfo ; and that fleep is a partial 
fufpenfion of the fufceptibility of the ner- 
vous fyftem; by which, notwithstanding 
fome light may in fome inflances be ad- 
mitted to the eyes ; the common undula- 
tions of the air to the ear, and the ufual 
ftimulants, to any of the organs of feeling, 
yet the nerves are not thereby moved to 
vibration, but continue to reft, that they 
may be recruited, and their loft tone re- 
flored ; for, without fome degree of tone, 
they can vibrate no more than an unftrung 
cord. And at the fame time the vibra- 
tions, with the attendant excited fenfibility 
in the fenforium, are moftly fufpended, or 
in other words, memory is deferred ; but 
not wholly, for it is prefumed, that in the 
deepeft fleep, there is fome weak vibrations, 
of the nerves ; i. e. fome faint remem- 
brance, in which ftate. there is a variety of 
degrees of activity, until it becomes nearly 
that of a waking ftate ; for dreams are 
fome times nearly as regular, rational and 
perfect in memory, as reflections, when 
watching. And notwithftanding, difputes 
have been heretofore entertained, whether 
it is the body or foul, which fleeps, it now 
appears evident, that fleep is a partial cef- 
fetion of the operations of the animal foul, 
together with a cefiation of the actions, of 
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the voluntary mufcles, which arc depen- 
dant thereon for motion ; while the vital, 
and other involuntary motions are contin- 
ued by the power of habit, aided by that 
ftimulating, uncafy fenfation which always 
attends a beginning ceffation of the vital 
motions : by which life is continued, while 
the animal foul and body are recruited by 
reft ; and that it is neither alone, nor per- 
fectly, but both the animal foul and body s 
that partially fleep. 



PLEASURE AND PAIN. 

The nerves, by whofe motion the law of 
fenfibility to them annexed, is put in ope- 
ration, are excited to action by innumera- 
ble ftimulants from without, as well, as by 
a vaft variety of reflections within •> all 
which are either agreeable, or difagreeable, 
and pleating or difpleafiog, i. e. productive 
of happinefs or mifery. 

For, there is no fenfation, that is totally 
indifferent to pleafure or pain. 

And, as all fenfible irritation produces 
either pleafure or pain ; fo all pleafure or 
pain is the effect oi ftimulants or irritation, 
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Reflexions in the mind prove fiimulants 
to the mufclcs ; i. e. the operation of par- 
ticular kinds of fenfibiltty in the fenforium 
moves to action certain nerves, which are 
fpread upon the fibres of particular muf- 
cles, by which the mufcles are excited to 
action ; and the fenfibility, as well as the 
confequent motion, will be agreeable, or 
ciifagreeable, according to the iource which 
originally produced the reflection. 

But, irritations from without, produce, 
generally pleafure, or pain, according to 
the degree of irritation, i. e. the feeling of 
light on the eye ; of the undulations of air 
on the ear; of fubftances applied to the 
tongue ; of effluvia to the membrane which 
lines the noftnls ; and of whatever come 
in contact with, or touches any part of the 
external furface of the body, fo as to be 
perceived, are in almoft all. cafes within a 
certain degree of operation, pleafing ; but 
when the power of operation is increafed, 
becomes unpleafant ; and when greatly in- 
creafed, becomes highly painful, and when 
ilill more augmented, infupportable. 

All which is within the obfervation of 
every one ; for there is no perfon, who 
does not generally continue the eyes in a 
fituation to receive a gentle fhower of the 
rays of light, when in his power j nor is 
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the ear fatisfied with hearing ; and who 
is not pleafed with agreeable taftes in the 
mouth ; or with an agreeable ftimulus, on 
the olfactory nerve, fpread upon the mem- 
brane of the noftrils ; and with gentle tit- 
ilation on the external fkin ; all which, 
produce excrutiating pain, by being in- 
creafed ; even light, in fufficient quantity, 
becomes infupportable to the eye ; and not- 
withftanding the agreeablenefs of a gentle 
warmth from fire ; yet when increafed to 
a powerful degree, the tortures it produces 
is beyond the power of expreilion to de- 
fcribe. 

There feems to be three fbtes of pleaf- 
ure and pain, viz. limple, compound, and 
a third, exceeding in degree, and more di- 
rectly mechanical, than the two former. 

In the firfl (late, the pleafure or pain 
feems to arifc from operations on more or 
lefs of the external organs of fenfation at 
the fame time : in this ftate, the pleaf- 
ure or pain is ufually in a moderate de- 
gree. 

In the fecond, from irritations on more 
or lefs of the external organs of fenfation ; 
and at the fame time, reflections within ; 
hence compound vibrations in the fenfori- 
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urn, .or affociated ideas, which greatly aug- 
ment the pleaiuie or pain. 

There are innumerable ways, in which 
this ailbciation of ideas, or compound op 
^rations; in the fen lor ium, are confpicuous 
to every attentive obferver. 

Inftance the prattling of a favourite ; 
child, which, if it had come from a Puppy, 
would hardly have excited any rcfledions; 
yet from this fource, it not only excites 
ftrong vibrations, through the medium of 
the ear ; but the vibrations, which had 
been heretofore excited, through the me- 
dium of the eyes, are alfo renewed y I e, 
brought to remembrance : as well as a 
great variety of pleafmg actions; which, 
until thus revived, had been forgotten. 
And alfo, upon turning the eyes, a mower 
of rays of light, from the agreeable object, 
renews every vibration to full vigour ; 
prefenting the moft agreeable picture of 
innocence and fweetnefs ; and from thefe • 
compound operations, or affociation of 
ideas, the moil agreeable pleafure is expe- ; 
lienctd. 

The reverfe of which is experienced, 
when, inftead of the agreeable prattle, dy- 
ing groans from the dear object pierce the 
heart, and denote the excrutiating torture 
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the little innocent endures ; which, afifo- 
ci?ted with the pleating train before ex- 
perienced, produce the moft poignant dif- 
trefr, and torture, which may be increafed 
by a further affociation of the ideas, that 
fome unpardonable neglect, or inattention 
had been the caufe of the afflicting feene. 

In the above cafe, the pleafure or pain, 
is greatly increafed by the affociated ope- 
rations in the fenforium ; which are pro- 
duced by the direct ftimulus of the rays of 
light, or' undulations of air, or any other 
prefent operations of external objects, on 
a«y <>f the organs of fenfation, as well as 
by the renewal of operations, which had 
b;'en heretofore produced, and are now 
again excited in connection with the laft 
mentioned direct ones, i. e. from com- 
pounding the ideas from direel: operations 
on the fenforium, with thofe from recol- 
leclion or memory, 

The 3d fbte of pleafure or pain, feems 
to be more directly the production of me- 
chanical operations ; and are alfo more 
acute than either of the former, yet they 
arc alio the effects of ftirnulants; of which 
clafs distention and compreffion are, with- 
out doubt, as powerful as any whatever. 
For the greater* pleafure experienced by 
animals, is evidently the effect of diilend- 
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ing the vefiels and mufcular fibres of fomc 
parts of the body ; as the ftomach when 
empty and its coats colapfed fuffers great 
uneafinefs ; but when fupplyed with food, 
and its coats diftended, the animal experi- 
ences great pleafure therefrom ; fo alfo, the 
diftenfion and concuflion of a great num- 
ber of mufcles by fneezing gives no fmall 
pleafure, fo diftending the emunctories, or 
outlets of fome gland or receptacles, whofe 
fibres are but feldom ftirred, caufes the 
moft exquifite pleafure. 

But in all cafes, an excefiive extenfion 
produces the moft excruciating pain ; the 
diftortion of the joints on the rack, can be 
exceeded by nothing but fire. 

And it appears, that a very fine twig or 
a nerve, when ftimulatedby fire, diftenfion 
or compreflion is capable of communicating 
to the fenforium the moft difgufting fenfa- 
tion of pain : as is often experienced by 
the fmall twig of a nerve, that enters the 
cavity of a tooth, being comprefled by the 
fwelling of the marrow, from inflamma- 
tion produced by whatever caufe. 

It is unnecefTary to enumerate the kinds 
of pain, but to refer each one to their own 
experience. But it may not be amils to 
obferve, there is not too great a fenfibility 
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to pain in the animal body ; if it was lcfs, 
animals would be too indolent, and inat- 
tentive to mun danger. 

There is not perhaps, any kind of irrita- 
tion that produces pain, but what, in a 
fufficiently mild degree, gives pleafure ; 
nor any which is pleafing, but may be in- 
creafed to pain. 



POISON'S, &c. 

By the foregoing theory only, can we 
explain the operation of fome medicines 
and poifons, which produce general affec- 
tions, while they remain entirely confined 
in local fituations ; fuch as the poifon of a 
viper, and other deleterious matters, intro- 
duced through the external Ikin, by the 
tooth of the ferpent, or any fmall inftru- 
inent ; fome of which, produce general 
convulfions, or other diftreffing fymptoms 
over the whole animal frame, which foon 
terminates in death ; and that, (ifaccounts 
may be relied on) before the poifon could 
poflibly have been in any meafure, diffufed 
through the circulating fluids, or when re- 
ceived into the ftomach, produce effects 
iimilar to the above, before any part of the 
poifon could have been tranfmitted from 
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it. All which, operate locally like common 
irritating powers; but with this differ- 
ence, thepoifon introduced as above, wheth- 
er into the flomach or flefh, remains a per- 
petual irritating power ; not operating 
tranflcntly, like the rays of light on the 
eye j which, however, when the ideas of 
the object, are alTociated with the ideas of 
danger, there is a tranfient, univerfal, in 
voluntary contraftion, or convullion of all 
the voluntary mufcles in the body ; but. 
the afibciated ideas of danger being remol 
ved, or the eyes turned irom the object, 
all is again quiet. But. there are undoubt- 
edly fome perlons, who have fuch delicate 
and irritable nerves, and who have so 
ftrong an averfion to fome particular ob- 
ject, whether a fnake, or fome other thing, 
that if confined in a fituation. uninterrup- 
tedly, to receive the irritation. of light tp 
their eye?, from the detefted object, that 
symptoms no lefs violent, would be expe- 
rieneed ; and, if thepoifon could be as en- 
ttrely removed, and excluded as the light, 
irom the hated object, it would prove np 
more defiructivc. 

Hence, it is evident, that noiwithftand. 
ing the erTecl is general, the operation is 
local j and alio, that danger is in propor- 
tion to the degree of irritation, as well 
trom the poifon as (he light. For the moft 
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ialutary medicine becomes a deadly poifon, 
when the irritation is increafed by aug- 
menting the dofe ; anu its ialutary effect 
is as much produced by a local operation, 
as its deadly, * which muft all be con- 
sidered as evidence of the propriety of the 
foregoing theory ; for it appears not cffen- 
tial, whether the irritating power operates 
on the finger, the ftomach, or the eye, to 
produce an effect, generally through the 
body either falutary or deadly. The ex- 
act, mode of its operation, to produce ei- 
ther of the laft mentioned effects, has been 
defcribed, when treating of mufcular mo- 
tion, &c- 

Nervous difeafes, it enumerated by the 
variety of appearances which they exhibit, 

* I htve seen a child two years bid, who had lan- 
guished in pain and distress, during; forty eight hours, 
unable to be on its f-^ ; so much 'relieved by ta'-vm.; 
two drops of liquid Laudanum, and two cf fssvrx ; j of 
Peppermint, that in less than fifteen minutes, it Was 
on its, legs at play. And othtrcauses in which similar 
operations of opiates, have been experienced ; in 
which no part of the medicine could have passed the 
stomach. And when a large quantity of opium has 
heen taken, with a design to destroy life, upon dissec- 
tion, it has been found, remaining solid in the stom- 
ach. Although opium relieves pain, and gives such 
great pleasure, yet, the convulsions produced by it, 
are as painful, as those from an> other cause. 
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would be almoft innumerable ; but, excep- 
ting thofe which are fymtomatical, or the 
neceffary confequence of that debility which 
is infeparable from them, in connection 
with the reft of the body, when reduced 
low by violent, or long continued ficknefs, 
they may be reduced to a few fpecies, viz. 

i. Apoplexy, comprehending palfy, ca- 
ms, coma, and lethargy. 

2. Epilepfy, comprehending hyfterical, 
or hypochondriacal affections and hyfteric, 
or hypochondriac fits. 

3. Tetanus, comprehending trifmus, or 
locked jaw, opifthotonos, and emproftho- 
tonos. 

4. Spafmi, comprehending convulsions, 
convuliion fits, and catalepfy. 

5. Chorea, or St. Vituf's dance. 

6. Mania, or madnefs, comprehending 
diftradion, incoherency of ideas, and un- 
found memory. 

7. Hydrophobia, or dread of water, ca- 
nine or dog madnefs. 

8. Debility., »r laxity of tone. 
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A few brief remarks on each of the fore- 
going, is as much as the fludied brevity of 
this work can admit of. 

It ought to be mentioned, that it is not 
confidered certain, that the foregoing un- 
ftudied and hurried fpecification, is alto- 

'• gether correct, but that ibme addition, or 
reduction, would be not only convenient, 
but ufeful. It was not intended to attend 

. any more to thefe fubjecls, than their con- 
nection with the foregoing theory feemed 
to demand, or than would prove eluftra- 
tive thereof. 

It is confidered, that apoplexy, carus, 
coma, and lethargy, differ only in degree ; 
that they are produced by the fame caufes, 
and require fimilar treatment. The caufe 
may be extravaiated blood, or other iluids, 
or amy other fubitance, compreffing that 

, part of the brain, where the nerves are con- 
centrated ; i. e. the fenforium, whereby 
the nerves there, are confined from mo- 
tion, and fcnfibility cannot be excited; or 

I from any other power, operating on the 
nerves, in any other part, by which mobili- 
ty is prevented, and feasibility loft ; or ?, 
defect in the nerves themfelyes, whereby 
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they have become infufceptible of irrita- 
tion; or have loft the power of motion. 

When the diforder is general, in fymp- 
toms and appearances, it refembles a deep 
deep ; and feems, not in much elfe, to dif- 
fer from it, but only in this, that the nerves 
diftributed to the voluntary mufcles, can- 
not be roufed to action ; and the law of 
fenfibility thereby excited; or in other 
words, the perfon cannot be awakened 
from the diforder. 

The beft method of treatment, feems to 
be, to endeavour to remove the compref- 
ling caufe, whatever it may be, from the 
fenforium ; or to reftore the nerves, in all 
parts to their priftine flate of activity.* 



epilepsy, &c. 

Notwithstanding epilepfy, hyfteria, and 
hypochondriafis, have been joined in the 
foregoing arrangement ; yet, it feems 

* It is thought warrantable to reccommend a free 
use of stimulants externally, applied as well to the 
head, as to other parts, and a free use of the sharpest 
sternutatories; for, if a free discharge from the nose, 
together with frequent sneezing, could be excited, it 
is believed nothing would warrant greater, hopes of 
success. 
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doubtful, whether hyfterical and hypochon- 
drical affections mould not have been pla- 
ced by themfelves. For they appear more 
particularly, to be produced by errors, in 
the firit pafTages ; fuch as debility of, or 
acrid humours in the ftomach and intef- 
tines ; or eating indigeftable aliment, which, 
irritates by its hardnefs, or its rough- 
nefs, their nervous coats ; or diftends 
them with wind, by fermentation,* or 

*The greater part of the chronic disorders of chil- 
dren are of the above kind ; owing principally, to the 
Iwtity of the fibres of their first passages, and the dis- 
position of the milk, by which they are supported, to 
become sour; which, when it has arrived to a high 
degree of acidity, turn* of a green hue; and when 
much higher to that of black ; when it becomes al- 
most as corosive as oil of vitriol, by which, not only 
the internal coats of the stomach and intestines are 
corroded and lacerated ; but by its application, the 
external skin, in some instances is eroded and de- 
stroyed. 

This source of inexpressible misery and torture to 
those tender sufferers, who lack the power to describe 
their unhappy situation; which, however, is not les- 
sened by their feebleness, progresses from a degree 
of acrimony, productive of a distressing uneasiness, 
to a state of sharpness, productive of such misery, 
that, had the subjects the power of expression, lan- 
guage would fail to communicate what they endure : 
until the nerves can bear the irritation no longer ; 
when irregular, violent and involuntary excitement 
of the law of contraction in the muscles takes place, 
and convulsions, with remissions, and recursions, af- 
ter some hours, or days put a period to Jife. 

The inability of the infant to describe ; and, too of- 
ten the inattention of the physician, and the total ig- 
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from debility, or irritation of fomc other 
of the abdominal vicera, on all of which, 
nerves are numeroufly fpread ; so much 
so, that feme of the ancients, fancied the 

norance of all others concerning it, prevents all know- 
ledge, (as well in the early stages, as in the progress 
of the disorder,) of the seat, cause and necessity of 
the application of proper remedies ; by reason of 
which calamities, great numbers of the tender sub- 
jects full* victim 8 to the disease. 

If, before the disorder is too far advanced, it is un- 
derstood, and proper measures pursued, the greater 
part may be saved; and much pain and distress pre- 
vented, in those who seem not in danger, and who 
eventually recover. 

The direct cause, in almost every instance, is acid- 
ity or sourness, which is caused by dtbility or bad 
aliment; debility is either in the natural make, or 
constitution of the body:; or is the effect of bad air; 
the want of exercise ; the want of sufficient cloathing ; 
the want of cleanliness ; the effect of some other dis- 
ease, or poisonous matter, or the want of nourish- 
ment. 

The effects of the first, are to be guarded against, 
h the greatest caution ; the latter, if possible, to 
be s»hunned. 

To guard against tfTYcts of natural debility, the 
above mentioned causes of debility, must be scrupu- 
lously avoided, that the natural debility may not be 
by them increased. 

But when, from whatever cause debility has taken 
place ; and acidity is accumulated in the fust pas- 
sages ; it is but seldom useful to attempt to purge it 
off; nay more, but, except in quite the first stage, or 
costivtuess demands it, purging is generally injuri- 
ous: nor is it of any advantage, for the acid matter, 
will be quickly again accumulated, and its cause*) de- 
leility, will be thereby increased. 



APPENDIX. 69 

ftomach to be the feat of the foul. By the 
difturbance of fuch a multitude of which, 
it would be ftrange, if difortfer fhouid not 
be produced. 

It must be carefully kept in mind, that the disor- 
der, of which we are now speaking, is a chronical ef- 
fection, and of the asthenkk kind. 

There is another disease, not uncommon to chil- 
dren ; which is, in its nature and cause, almost dia- 
metrically opposite to this ju-5t now spoken of. It is 
an accule fever, and more or less of the sthenic kind. 
Our limits will not admit a description of the two dis- 
eases ; but a few observations may not be amiss to 
those, not versed in the knowledge and symptoms of 
disorders. 

The last mentioned attacks more or less violently, 
and is attended with the symptoms, common to fever, 
in children ; which, from the difference of constitu- 
tion, deviates a little in appearance, from those in 
adults- It is sometimes called worm fever, some- 
times bilious fever, at others, inflammation in the bow- 
els, and sometimes, a stoppage in the bowels, Sec. 

In this fever, although the tender frames of infants 
cannot bear to be. greatly reduced; yet, that viscid 
matter tinged with bile or atra biiiis, which in some 
instances, so lines the internal surface of the stomach 
and intestines, that the sharpest phydck, can hardly 
he made to effect them, must be purged off, without 
any regard to the strength of the patient. Calomel, 
from half a grain to two or more ; (and it has been 
given in a dose, of more than twenty, with success, 
but it seems better to repeat smaller ones,) once in, 
from two, to twelve hours, and at the same time, to 
give senna, steeped in a solution of alkaline salts, or, 
1:1 an infusion of common ashes, settled and poured 
off clear, (the strength of which must be carefully 
adapted to the tender state of the mouth and throat 
tf the patient,) almost constantly, and jalap in pow- 
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Thefe complaints in many inftances, (al- 
though tedious to the patient,) are for con- 
iiderable time, comparatively mild, and 
confined to the parts laft mentioned : yet, 

ier or infusion, without fear ; and to use glisters, 
made strong -of tin s..me ; allot' which, with many 
ethers, are to tx used as the case may require; but 
with bolduess, lor the life of the patient in stubborn 
cases, drpencu, upon evacuating the above viscid 
atrabiltis, and when the passage \:> so lined with vis- 
cid matter that physick cannot Out with the greatest 
d (acuity be made to operate l nelson, very little cau- 
tion is necessary, in regi rd to the quantity or strength 
of the same. To patients under wo years old, I have 
seen jalap in ponder and illiijsion, and senna ulmost 
constantly aenvmsteud ; and calomel ireely, for 
many days successively : by which viscid matter 
resembling the meconium or tar, was by assistance 
of injections, hut slowly evacuated ; and the practice 
was eventually successful. But such cases are not 
common, and are usually fatal to the patient. 

But in the first mentioned chronical disease, when 
the acrid matter, generated within the body, is ope- 
rating as poison in the bowels, they will illy bear the 
addition of the poison of physick to augment the mal- 
ady. Vet, when there :s real costivenean, gentle, 
emolient, and mild purgatives, must not be omitttd ; 
but on account of which, the following remedies, 
must not be in the least put by : but sucn quanti 
of emolient mucilaginous and soft solutions, or broths, 
or the like in any other form, as the stomach can 
bear; must, at the same time be administered — 
Anodynes, in any form ; but elixer, paragoric, or liquid 
Laudanum, seem most convenient, to administer to 
children. It is most prudent to begin with small 
doses ; but which, must be increased, and oftener ad" 
ministered, until they cause ease ; even if large quan- 
tities should be required to produce the tff*ct ; for, 
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fomctimes fuddcnly, but oftener progref- 
fing gradually, they become general ; and 
eventually exhibit, nearly, if not exactly, 
the fame fymptoms, that mark epilepfy, by 

there remains but small hopes of a cure, in stubborn 
cases, when anodyne admini tered in proper quan- 
litics do not give relief. 

Alkaline salts, such as sal. Tartar, Pearhsh, or the 
salts from con.mon ashes, procured by putting hot 
ashes into water, which, after settling, must be poure-d 
clean from the sediment : all at which, must be care- 
fully accommodated in strength, to the tender and 
lensible state of the childs mouth, &c. and so often 
repeated us to overcome, and neutralize all acidity in 
the first passage. The foregoing, with many others, 
if properly used, willbut seldom fail of giving relief. 

The impottant effects of one of the causes of debil- 
ity, will appologize for a few observations concerning 
it, 

The excessive heat of summer and autumn, not on- 
ly directly debilitates, the tender habits of infants, but 
also grepily increases the badness of the air, in pop- 
ulcus towns, which is also another great source of 
debility, and appears to be the cause in those seasons, 
of the great prevalence and fatal effects of this disease 
in such towns; sometimes proving so destructive, 
that it has been considered a different disease, and heis 
• been denominated, cholera infantum, &c proving so 
exceeding obstinate, that the best remedies, in some 
instances, have produced, but little sen&ibls mitigation 
of its violence. 

But, why should it be considered, another, or dif- 
ferent distemper, when the cause of its stubbornness 
is thus conspicuous ; for those stubborn cases, are 
but rarrly to be met with, in the open country, where 
the air is pure ! they are therefore, evidently one, and 
the same disorder ; the seventy of which, is increased 
by the badness of the air, in more populous towns j 
where it appears? in its greatest malignity. 
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which, violent paroxifm, the patient is re- 
lieved, from that almoft infupportable dif- 
trefs, faintnefs, trembling, &c. at'theftom- 
sch and bowels, for a tons^r or fhorter 
time; or,. in many inilances, until fome 
error is committed, by eating, drinking, 
overlifting, or fatigueingexercife ; or per- 
plexity, or irritation of the mind ; ail which 
are extremely hurtful, to thofe who are 

The effects of bad air, on the tender constitutions 
of children, prevents that firmness of body, necessary 
to enable them to avoid the attack, or withstand the 
dangerous effects of the disease ; and is probably the 
cause of the disappointment that has so often beeji 
experienced by those, who have removed their chil- 
dren from populous towns, into the country, for safety 
upon the attack. 

Wherefore, they ought to remove them, before the 
attack. And those, whose children have been pe- 
culiarly subject to the same, and who have great anx- 
iety for their safety, ought to remove them u.to a pure 
air, before the hot season begins, that they may not 
be debilitated thereby ; by which precaution, they 
would be nearly as safe, as those bred in the coun- 
try ; for, if they should be attacked there, the danger 
would be comparatively amall, to what it wou d be in 
a populous town. 

Concerning the use of medicines, it may be obser- 
ved, that much pf the benefit, that might otherwise 
be derived from the best practice, is lost by the con- 
ceitedness, obstinacy, or ignorance of nurses. And 
there can be no fear of censure from the faculty, for 
baying, it is sometimes the case, (and it might be 
said, too often,) that the nurses judgment is best ; 
for the most ignorant, being the most conceited, will 
not take it to themselves; and those of real learning, 
will coincide in the opinion. 
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iubject. to the foregoing complaints. Not- 
withftanding which, as free a ufe of fuch 
flourifbing diet, as will prove perfectly 
eafy in the ftomach, fupporting cordials, 
in proper quantities, exercife on horfe- 
back, or in a carriage, or of any other kind 
which is not fatiguing, and above all other 
things, cheerfulnefs of mind ; which ought 
to be carefully promoted, are the beft, and 
ahnoft the only remedies ; and are by 
much the fafeft, pleafanteft, and cheapeit. 
It is not intended, that medicines, in fome 
cafes, may not be abfolutely neceflary. . 

Hyfteric and hypochondriac affections, 
feem to originate in the ftomach, and bow- 
els ; but the univerfal difturbance that in- 
ftantly takes place upon the attack of epi- 
lepfy, feems to denote its caufe, to be in, 
or near the fenforium \ which appears to 
favour the idea, that they are produced 
by different caufes. Yet, it is altogether 
uncertain ; for, an orgafm produced in any 
part, may be fuddenly communicated to 
the fenforium ; from which, the nerves in 
any, or all parts of the body, may be exci- 
ted to vibration, and involuntary mufcu- 
lar contraction, or *convulfions thereby 
produced. 

There are evidently, a great variety or 
operations, on different parts within, that 

G 
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produce either of them. So alfo, there is 
from without, the irritation of rays of light 
on the eye, may produce them ; it is not 
uncommon whenfeveral perfons are togeth- 
er, who are fubject to hyfteric fits: tliat 
one being thrown into a paroxyfm, the oth- 
ers, by feeing her convuifiveiiruggles, will, 
alfo fall into the fame convulfive Itate. 

And an epileptic patient, being brought 
into a hofpital for children, the other pa- 
tients by beholding his frightful fymptoms, 
were one after another, all feized with the 
fame fits ; which recured from habit, with- 
out the firft exciting caufe ; and when one 
was feized it would affect all. 'J hefe were 
cured by the operation of light on the eyes ; 
effected by the following ftratagem. After 
removing the epileptic patient, they were 
caufed to behold a great number of holes, 
burned with a red hot iron, in the ceiling 
of the room, in which they refided ; and 
were fternly told, that the firft who fhould 
be feized with a fit, mould have his tongue 
burned through in the fame manner. The 
holes burned in the ceiling, continuing in 
view ; the prefent imprefllon of fear, over- 
powered the impreflions on the mind, of 
thofe ftruggles they had before beheld, 
and thereby prevented any return of fits 
'among them. 
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From the foregoing, and many other 
phenomena, in the procefs of epilepfy, he. 
it is plain, that in all thefe diforders, there 
may be a great variety of caufes, both ex- 
ternal, and internal, which may operate 
upon various external parts, and aim oft 
all within ; and that it is ftill doubtful, 
whether they ought to be conlidered, as of 
different characters, or one difeafe ; differ- 
ing only in degree, being in fome inftances 
local ; in others, more extended ; and fome- 
times general ; depending much on the ha- 
bit of body, being more or lefs favourable, 
for extending local affections of this kind. 

We' have before feen, that the operation 
of light, on the eves of thofe whofe nerves 
are peculiarly irritable, reflected by certain 
extraordinarily difguftful objects, and un- 
interruptedly continued ; may caule as vi- 
olent convulllons, and diftrefTing oppref- 
fion of the vital organs, and prove event- 
ually as fatal, as any poifon whatever ; 
whether they are received into the ftom- 
ach, and continue to irritate the nerves 
thereof ; or, being introduced to the nerves 
in the flefh, do there contiaue to irritate 
the fame ; i. e. all poifons deftroy life by 
irritation ; but the irritation of light may 
prove as fatal, as that of arfriic, in the ftom- 
ach, or the poifon of a viper in the flefh. 
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Or in other words, the rays of light, un- 
der certain circum fiances, are as fatal a poi- 
fc>n, as any other poifon whatever. 

And in the cafes above mentioned, we 
have inftances in which, irritation of light, 
on the nerves of the eyes, has caufed tedi- 
ous, and even dangerous, general nervous 
diforders, or hyfleric and epileptic fits; 
and we have alfo, an inftance of the irrita- 
tion of light on the eye, and the vibrations 
it produced in the fenforium, when aflbcia- 
ted with others, produced by the irritation 
of undulations of air, on the nerves of the 
ear, proving a moft falutary remedy for 
epilepfy ; and perhaps the only remedy, 
that could have been invented, for the dif- 
order so produced- 

All which, it is believed, no one willre- 
fufe to admit, as evidence of the truth and 
propriety of the doctrine, that irritation 
and fenfibility, are governing principles, in 
the animal kingdom. 



Tetanus, Trismus or Locked Jaw, 
Opithotonos and Emprosthotonos, may 
either of them be produced, by a variety of 
caufes ; each, of which caufes, may produce 
either of them, alone, or the whole con- 
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jointly. And the method of cure, need 
not be much varied, on account of the ap- 
pearance of the fymptoms ; but, in fome 
inftances, conftderably on account of the 
cauie.* 

•There are doubtless, causes yet unknown, which 
produce tetanus ; hut, lacerations ot" nerves, interwo- 
ven wilh the fibres, or spread uoon the surfaces of 
tmlons, ligaments, membranes, See. whether in gun- 
snot, or other wounds, are evidently, the most com- 
mon causes. 

Another cause, is long contmued exposure, to ex- 
traordinary cold and wet ; sue!) as wading in swamps, 
and sleep'ng on the ground, exposed to storms, £cc. 
There is so-ne^roes considerable deference in the 
appearance of the symptoms, when the disorder is 
produced by the foregoing different causes. And it 
CVfpiTes a still more different method of cure. 

When it is th? effect of the first mentmned causes; 
mercury, intern I'y and externally applied, can hardly 
he iiscd too freely ; with opitfrri in great plenty, and 
ttther remed'es us the c^se may require. But, the 
application of heat around the body, by boiled blocks 
rfwewd, or bottles filltd with hot water, Sec. are inju- 
rious. 

Yet, when it is the" effect of the last mentioned, i. e. 
co'd, Sec. heat 90 applied, to a degree, that is not tedi- 
ous to the pafent, and continued with little, or no re- 
mission, for a long time ; has, without the aid of other 
remedies, effected a cure. 

But, from ignorance of .the difference of treatment 
rendered necessary, by the difference of cruse produ" 
cing the disease ; the injudicious application of heal 1 
as above, and neglecting other necessary remedies 
has cost the petitnt his life. 
o z 
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Wherefore, it is confidered, they are one, 
and the fame difeafe ; differing only in de« 
gree, and the different part it may chance 
to operate upon. 



Spasmi, comprehending convulsions, 

CONVULSION FITS, and CATALEPSY. 

When a fingle raufcle is involuntarily, 
and violently contra&ed, it is vulgarly de- 
nominated cramp ; when the contraction 
has extended to many mufcles, convul- 
iions ; and when general, convulfion fits,* 
in that ftate, denominated catalepfy ; the 
flexor, and extenfor mufcles, or, thofe 

* There appears to be one cause, different from 
those, by which, convulsions are usually produced ; 
i. e. plethora, by which the blood vessels seem to he 
30 distended, as to compress the nerves, at the senso- 
rium, to a degree, that prevents a regular operation 
thereof. For the first symptoms, are spasmodic pain, 
or twinging in the head and eyes, with aguish rig- 
ours, extending over the body ; and if not prevented, 
excruciating convulsions enste, which may terminate 
in apoplexy.- 

The patient is speedUy relieved, by bleeding a 
sufficient quantity. It may not be amiss to add, that 
the last mentioned, is 6ometimes a distressing symp- 
tom before, or at the eruption of the meaales, Sec. and 
is relieved in the same manner. But convulsive dis- 
orders, when the effect of debility, by bo m»ans, adrai* 
cf bleeding. 
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which bend, and thofe that extend the 
limbs, are contracted with exactly equal 
power ; by which means, the body, wheth- 
er lying, fitting, or ftanding, if equally bal- 
hnced, will remain in the fituaiion it was 
in, when attacked. Thefe paroxifms, re- 
cur at different periods from fome hours, to 
feveral days diftance ; and continue from 
feveral minutes, to hours. (A fimilar ftate 
fometimes appears in tetanus, but which, 
in fome cafes, varies a little in its appear- 
ance, and continues weeks; and feems in 
no other refpects, to differ from the above, 
only, in the ftubbornnefs of its caufe.) 
They all feem to be one difeafe, differing,; 
only in degree. 

Chorea, vulgarly called St. Vitus's- 
Dance, does not affect the fenforium, in 
any degree. Nor are the fpafms, of but 
fhort continuance ; if in reality, there are 
any fpafms in the cafe ; for, the voluntary 
contractions are by no means violent ; but 
the mufcles feem not to be fufceptible of 
the exciting power, moved by the fenfori- 
um, to produce mufcular motion, but ap« 
pears to act independent thereof, at times. 
Hence, the voluntary motions, are in fome 
inftances fufpended, and thofe that are in- 
voluntary take place. 



8o APPEND!".' 

Or the fenforium may nd 

err by exciting motion i 
thsn thofe intended ; for, when it would 
be more convenient, for the flexors to con- 
tract, it proves to be the extenfors that do 
contract ; and the veiTel of drink, that u 
intended to be brought to the mouth, and 
to which, it has nearly arrived, is fore 
carried from it by the patients own hand, 
to his no fmall mortification ; but when 
he has the good luck to bring it to his 
mouth, he'peurs it down with violence, 
which mews that themufe'e; in perform- 
ing that operation, obey the will ; and there 
being no derangement of ideas, feem:; a 
ftrong argument that the fenforium is in 
no meafure disordered ; and from obferv- 
uig t lie motions of the patient, it appears 
moll probable, the defect is in the nerves, 
fpread upon the n ufcular fibres. Peruvian 
bark having been found the moil; efficacious 
remedy for chorea ; and it being the great, 
eft tonic, or bracer; is considered an argu- 
ment in favour of the idea, that the diibr- 
der is the effect of debility in the nerves 
generally, and not of the fenforium par- 
ticularly.* 

* To prevent repetition, already too often admitted, 
for the purpose of perspicuity ; the explanation of the 
mode of operation in t!ie process of spasms, or con- 
vulsions, in epilepsy, tetanus, spasmi, and cborea, 
and the disorders conjoined with each of them, haa 
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Mania or Madness. Ihe fimilarity 
there is in this diforder, to that ftate of the 
fenforiurrij caufed by provocation, when in 
health ; renders fome brief reflections on 

been omitted : it will here be attempted in as concise 
a manner as possible. 

An attempt has already been made, to explain the 
modus opperandi, in the process of voluntary muscu- 
lar motion. The operations of which, we are now 
speaking, are also, muscular motions ; but are invol- 
untary, and it matters not, whether the involuntary 
contractions are gentle, as in- chorea, or violent, as in 
tetanus ; for the cause is the same, notwithstanding 
the difference of degree. 

It is evident, that any kind of irritation, whether 
external or internal, may be the cause of muscular 
motion. So also it appears, that almost any kind, if 
sufficiently violent, or long continued, may produce 
involuntary contractions ; such as the opi: - .:t:ci:2 °£ 
Jight on the eye, of poisons in the fbsh, or stonvicii, 
ke. as has been before explained. So also, may ma- 
ny other matters or things, in any part of the body ; 
whose particular seat in many instances, is not in the 
least made manifest ; nor can, by ar>y art be discov- 
ered ; but which does, like poison in the flesh or 
stomach, cause ungovernable excitement in the sen- 
sorium ; by which, without design or choice, the 
muscles are contracted : — Instance, a puncture by 
a needle or thorn,* in a finger or toe, which can be 
known to be tfc seat of the caus • of tetanus; only 
f ror rs th '• ;e or remembrance, that the punc- 

ture had been p. e . ious].y. made in the particular part ; 
for, if the wound inflames, and becomes painful, it 
never produces tetanus ;. and there may be some 
doubt, whether a cure can be performed, without am- 
putation, or producing scarification, and infkmation 
in tbe injured part, by stimulants. 
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the latter, neceflary. That greater coniu- 
tutional excitability of the nerves of which 
the fenforium is compofed, in fome per- 
&bs, than in others, caufes them to be more 

Tt appears not a little aston ; shing, that, from a 
wounded nerve or nerves, in which, no uneasiness or 
pain is known to the patient; there should be com- 
municated to the sensorium, such an ungovernable 
excitement, as to produce those violent contractions 
of the muscles, that appear in tetanus ; by which, 
the jaw is so strongly locked, that it is reported to 
have been broken, before the muscles would give way, 
in attempting by prying, to force the mouth' open. 

From this, and other phenomena, it appears en- 
dent, that the involuntary contractions, in the forego- 
ing disorders, often originate From causes, in various 
parts of the body, altogether beyond the power of hu- 
man dhcovery ; a«d that the different appearances 
v.h.cl. they exhibit, are caused by the different part 
that is affected, and the different power by which pro- 
duced. 

_ Or, they may sometimes be the effect of a peculiar 1 
kind of debility; or a kind of inactivity; hy which, 
there is a suspension of motion, in some of the nerves 
at times ; and the energy of the sensorium, becomes 
accumulated, by not being exhausted on those inactive, 
nerves ; whereby others must receive too great a share 
thereof; and the most effecttfal method of cure, seems 
to favour the last idea ; for the pernvian bark, is 
found to exceed any other remedy for the cure of 
chorea. 

And tonics, such as tincture of gentian, orange peel, 
Stc. has sometimes quickly relieved hysterical com- 
pl unts, when the cluss of ami hysterics gave no re- 
lief; and in general, the best nervines, are such med- 
icines as have a strong smell ; which shews their 
componant parts are extremely divisible, to a degree, 
that they may pervade the finest ports ; and they are 
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prone to anger. Or it may be caufed by 
over fatiguing ; which* by too much wear, 
has increafed the excitability ; or it mav 
be the effect of difeafe ; or of the ftimulous 

also generally stimulating by their pungency ; and by 
those qualities, give tone and activity to the nerves; 
Mid by their giving additional strength, and powtT to 
the nerves, although they are not in fault, mi y enable 
them to withstand the unnatural operations, to which 
the latent case is drawing them. 

Although there still remains no small obscurity- 
concerning nervous disorders ; yet it is confidently 
lioped, we li3ve, by aid of the newly proposed doc- 
trine, gone much beyond what has been before pro- 
posed • 

It would he pleasing indeed, if, by further advan- 
ces in knowledge, the hidden seats of the cause of so 
much human misery ; rrrght come to view. But there 
are but few diseases which terminate fatally, that are 
not sooner or later, evidently attended wu,h some or 
other of the symptoms of those original diseases, 
which, with the present appearance of things, seem 
rttluT to indicate t^hey must remain monuments of 
human imperfection ; possibly to counter balance hap- 
piness, cleiived from other sources ; that the perfect 
rquilibrium of happiness and misery, ordained by the 
creator, may be supported. 

Nervous diseases, have at all times been considered 
•'ark and mysterious ; so much so, that in all ancient 
prions, they have been in all their various forms, 
considered supernatural productions, and ascribed to 
the wrath of the gods, the possession of devils, or 
witchcraft. The description of those possessed by 
''evils, answers exactly to the symptoms of fits in mod- 
1 rn times. It was said of Saul, that an evil spirit from 
the Lord was upon him ; it was truly an evil disease ; 
the like of which, had time immemorial been consid- 
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of intoxicating fpirits, on the nerves. But, 
from whatever caufe the operation appears 
to be, an over ftrong vibration of fome of 
the nerves of the fenforium, by which the 

ered by people of all ranks, to have been the opera- 
tion of evil spirits, and it was totally immaterial to th« 
people, what caused his distress ; but, it now appears 
most probable, from the history of the case, that a 
long continued series of misfortunes, disappointments, 
and over exertions, had relaxed the tone of his nerves, 
and produced that melancholy state, described undtr 
the last head of nenous diseases, viz. debility, &c. at 
the last part of this appendix. And it had been dis- 
covered, in those early times, that m usick relieved 
such complaints. So also, it has in modern times ; 
1 have seen a case, where fits recured diurnally for 
some months; which could at all times be removed, 
and kept off, by lively musick, either vocal or instru- 
mental ; which was not omitted, probably a single 
evening for some months, when sound health was re- 
stored ; but a dirge or mournful tune, would at any 
time cause fits ; from which, by shifting the tune to a 
lively air, she would be again relieved. It is also weH 
known, that diverting and -cheering the mind, is the 
best remedy for melancholy. 

By the light of reason and philosophy, it is now 
known, that nervous diseases, are not of supernatural 
production ; but like all other operations, are the ef- 
fect of natural causes ; and happy indeed, it is, for the 
sick, that the discovery has been made ; for, they are 
not now banished, as unfit for human society, on ac- 
count of being under the operation of divine punish- 
ment ; or, on account of being the associates of dev- 
ils ; or being under the controul of witches. 

Nor are mankind in but a small degree, sensible of 
the benefits they enjoy, from the discoveries of truth, 
and expansion of reason, by the light reflected by phi- 
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law of fenfibility is highly excited, produ- 
cing an irkfome, painful fenfation, more 
acute or mild, according to circumftan- 
ces. All which is evident, from the rigid, 

losophy. For, in the dark ages, when it was the gen- 
eral opinion, that all were destined for eternal dam- 
nation ; excepting only those, whose sins were par- 
doned by the pope, or his deputies. And when those 
who were accused of public crimes, were not allow- 
ed council, when on trial ; nor the privilege to have 
witnesses examined, to prove their innocence. 

It was at the same tii.-.e, the opinion of the friends 
and attendants of the sick ; that whatever was for their 
comfort, was injurious and dangerous, of all which, 
therefore, they must be denied. And so strong was 
the prejudice, that their best friends, if friends they 
could be called, in their distress, would rather treat 
them with roughness and moroseness, than with pity 
and compassion. Millions of millions of whom, have 
languished to death, in spite cf intreaties ; not only in 
the small pox, but in all other fevers, for want of cool 
air, and cold water ; which alone, (m ; ght they have 
enjoyed those free gifts of nature,) without other rem- 
edies, would have saved them; but tluy must 
he secluded from every breath of pure vita! air ; and 
breathe over and over, the air contaminated with the 
poisonous effluvia of their own half putrid bodies; 
quite too much of which practice, prevails at the 
present day,) and if thty were allowed to wet their 
parched mouths, instead of the pure liquor of life; 
which, not only their own feeliugs, but that of the 
whole animal creation, dictates to be pure cold water; 
some warm slop, rendered hateful by the infusion of 
some nautious herb or root, was the nio.it they were 
allowed — thus, an irresistible prejudice, in favour of 
some indigenous heib or root, wh:ch is usually with- 
out efficacy ; but which, if it possess in any degree, it is 
gc nerally stimulant ; which, in the first st^ge of Fever, 
H 



86 APPENDIX. 

nurried, and ungovernable ftateof the mut- 
cles of the body in general, both voluntary 
and involuntary ; and is of longer, or fhor- 
ter continuance, according to the more or 

can never be used without danger. But from the use 
of which, no reasoning can dissuade ; although it is in 
no respect preferable to weak bohea, or other teas, 
made pallatable with sugar. Or, if warm drink is 
thought necessary to promote sweating j hot water 
sweetened with molasses, or some other simple and 
agreeable diluent, is much the safest. 

But, if the patient eagerly craves cold water, it 
ought in all cases, to be tried, notwithstanding there 
are cases, in which it may disagree ; but that may 
soon be discovered by trial ; and if it evidently causes 
sickness, or pain at the stomach, feebleness of the 
pulse, or general weakness or faintness, it must be 
discontinued ; and warm wine or spirits, and water 
warm, or not too cole!, given without any reserve, un- 
til the pulse is raised, and the strength increased. 

More has been said concerning the above errone- 
ous conduct ; as some of the last, too much prevails 
at present. 

It is pleasing to reflect, that reason dictates the 
exercise of humanity and benevolence, toward those 
distressed with sickness. And it is earnestly hoped, 
that the time is not far distant, when rulers, throughout 
the enlightened world, will, to the utmost of their pow- 
er, promote the happiness of mankind ; and when (he 
people will have the good sense to be judged, by chosen, 
honest, and learned judges ; and not by those, what- 
ever their characters may be, who are appointed for 
parly purposes; for, there are parties in all govern- 
ments, but in those, which are absolutely tyrannical ; 
but one party dares to speak ; nor by ignorant, or 
knavish jurors, whose names are by clrance, drawn 
from the box. 

There is an error, prevalent at the present day, no! 
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lei's quick natural difpofition of the nerves, 
to be operated upon by different matters ; 
or, as other things may operate, which pro- 
duce different vibrations. 

"much dissimilar to that before mentioned, which 
vailed among the ancients ; of ascribing nervous die: 
eases, to supernatural causes; but which is much less 
pardonable, hi this enhgthened age ; ar.d, the evil of 
which, is much increased, by its being patronised by 
inany persons of the first respectability, for natural 
nnd acquired talents; (except in the medical art ;) 
notwithstanding, they are looked up to for examples, 
by the multitude. The only difference is, the ancients 
ascribed the diseases to supernatural causes ; and the 
moderns the cure. 

Nothing can be more surprising to those, who have 
correct ideas of the matter, than thai the attempts of 
the most ignorant medicaster, should succeed, to im- 
pose on mankind ; in that, which is of the first tem- 
poral importance, that they should intrust their lives 
and health, and that of their families, to the care o! 
those, with whom they would not intrust the care of 
their cattle. Yet, when one who is destitute of all 
"knowledge, and who, if he has any kind of system, it 
is systematic ignorance ; who. to insure success, must 
have natural oddities, or assume peculiar singularity ; 
if black the better ; but if a foreigner, and claims to 
be a German, it may do; he mast have undaunted 
confidence, and impudence enough to lie at at all 
times, without change of countenance, and art suffi- 
cient to appear modest ; in fine, his appearance and 
character must be such, as to remove all doubt,- that 
what he does, is not performed by any natural means, 
and his address sufficiently bold, to cause many of 
those who hear him, to think, they believe true, that 
which, they in their consciences disbelieve. 

Thus accomplished, he has only to proclaim him- 
self a profound physician, or a finished surgeon, and 
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But, that languid ftate of the nerves, 
productive of that ftate of the animal foul, 
called fear ; being a ftate directly oppofite 
to that of anger, is above all others oppo- 
se can impose on millions. And it is no plea in ex- 
cuse, that he takes but a trifle for what he does ; nor 
even, if he takes nothing for the time and money, 
spent in going to, and attending upon the business, 
Sec. by such numbers, is of no small consequence. 
But, that is not all the mischief, for many of those, 
who are really disordered, by attending to such im- 
postors, neglect applying to those who are capable of 
giving salutary advice ; until it is too late to receive 
benefit therefrom, and their lives are lost by the im- 
position. 

If he profess to set bones, his greatest art consists 
in reducing those that are not dislocated ; and there 
can be nothing more easily done, to the satisfaction 
of the patient. For when by violence, a bone has been 
forced from its articulation, the ligaments, Sec, which 
support the joint, by their contraction, or cramping, 
instantly reduce the bone again to its place ; but, the 
ligaments, tendons, membranes, 8cc. around the joint, 
are greatly injured ; by which the joint becomes use- 
less, and extremely painful. And this is usually the 
state of the case, when the patient applies to have a 
bone stt — all the famous esculapian has to do, is, to 
extend and twist the limb, by which, the injured joint 
suffers excruciating pain ; until the patient is convin- 
ced he has suffered enough to have the bone reduced; 
which, after such torture has ceased, will feel quite 
agreeably ; and he can have no doubt, but the bone 
was reduced by the operation. And in time, the joint 
becomes sound, which he relates to his neighbours, 
with great applause of the operator ; who, he says, 
performed the business almost without pain. 

But, if the head of the bone has catcbed over the 
edge of the socket j or by any other means, the bone 
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fed to it; and the {late of the fenforium, 
which produces the fenfations, denomina- 
ted pity, compaffion, caution, prudence or 
confederation, are only different modes of 

has been prevented from returning spontaneously 
into its place ; (but which is not common) it will be 
left unreduced, and the patient must remain a cripple, 
to the injury of society. 

A little reflection must convince every reasoning 
mind, that the healing art, (which comprehends an 
inexhaustible field of matters to be understood, be- 
fore the practitioner can be a perfect master of his 
business ; to which, in fact no one attains,) does not 
come spontaneously or naturally to any one, more 
than other sciences. One may learn mathematics 
with more ease, and vastly more expeditiously, than 
another ; and some are blest with extraordinary men- 
tal powers, to acquire the knowledge of any, and al- 
most all things ; but study and application are abso- 
lutely necessary to become a mathematician ; nor can 
any one acquire the knowledge of physic, without 
study and instruction; nor the art of setting bone?', 
without a knowledge of them and their connections, 
when in their regular and natural situations. And, 
excepting the difference of abdities to acquire knowl- 
edge) physicians and surgeons, excel others in their 
professions, in proportion to their attention to study, 
and their nuans of information. It is absurd then to 
suppose, any one is naturally a physician or surgeon. 
Why then, are the most unlikely of all people to 
have knowledge, those who, have but barely com- 
mon information or learning ; and without any knowl- 
edge in the rudiments of physic, extolled beyond those, 
who unceasingly apply themselves to study, and the 
acquisition of medical knowledge ? 

1 will answer the question. Because credulity 
swallows time after time, and at all times, the full 
cargo of marvellous reports, that are transported on 
H 2 



fear ; prudence, caution, confideration and 
pity, are fear of, or being on ones guard 
againft injuring ones own character, or of 
fuffering remorfe and forrow, for having 

the wings of fame ; which is quite too much to be 
ascribed, to that which is natural ; wherefore, the 
wings of imagination are extended, and excited by the 
pleasing hope of bidding defiance to disease and death ; 
deluson is transported to supernatural information ; 
and it is believed, without doubt or examination, that 
this prodigy in nature, this fatal enemy of disease and 
death, is inspired from above or below ; and no mat- 
ter which, whether by the spirit of truth, or by the 
prince of darkness, ii disease and death may be de- 
fied. 

That people do in fact know and believe, that they 
ascribe the unnatural knowledge, they imagine, those 
ignorant pretenders possess to supernatural causes, 
may be doubttd ; but that they have sense enough, 
if they do but use it, to know it cannot be natural, is 
without a doubt ; and consequently, they must, and 
do, in their hearts believe they are mediums, through 
which, inspiration, divination, or witchcraft operates. 
That those, whose inquiries and reflections, are not 
accustomed to extend beyond the common diurnal 
round of breakfast, dinner, supper, and lodging ; 
should be thus erroneous, is by no means strange ; 
but that those who possess talents and acquirements 
should give lead to, and patronise such hurtful and 
dangerous errours, is unpardonable ; for, if such 
Mould withhold their encouragement, such imposi- 
tions would dwindle to trifling inconveniences. 

That erroneous prejudice, in favour of so many in- 
digenous medicines, among many people of the first 
respectability, ought to be examined or abandoned ; 
for, by little enquiry, all may become satisfied, that 
there is as little deficiency in that, as in almost any 
b'.her matters whatever. 
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inflicted unneceffary, or unjuflifiable pain, 
or fufFerings in others. And are the ef- 
fence of thole noble human qualities of be- 
nevolence and charity, that were beftowed 

A very worthy and learned professor, (if my mem- 
ory serves me) of natural philosophy, of a Universi- 
ty, who was also a congregational minister of the 
gosptl ; called on me, and requested I would furnish 
him with some book, descriptive of herbs. Sec. for, 
said he, I am satisfied there is a great deficiency in 
the knowledge of remedies, our own country affords 
for the diseases incident to the inhabitants. And I 
have determined to write oh the subject ; I put into 
his hand a book, containing a disertation, by Docttr 
Rush, which I thought would be satisfactory. After 
some months .he again called, and politely thanked 
Tne for having put into his hand, a book so congenial 
to his wishes, saying, he was fully satisfied. 

The truth is, much the. greater part of the herbs 
r,nd roots, that the earth produces, were not designed 
for medicines, but for food for anim< Is. But there 
are a number, some of which, are powerful in their 
operations, that are useful ; but which are often erro- 
neously used by the ignorant. The knowledge of 
which, is a part of the healing art, and will never be >■ 
understood, but by those who have systematical know!- | 
edge- It is erroneous to suppose, the Aborigines of 
America have any better knowledge concerning them, 
than the good women among us ; for they have no 
system, nor the knowledge of letters to enable them 
to accumulate sufficient knowledge, whereby to com- 
pose, or continue any thing of the kind. And their 
methods of practice are unpardonable, even among 
savages ; to bake a sick person, in an oven made of 
sods, tili he is near expiring ; and from that, sudden- 
ly to plunge him into cold water, cannot be justified 
even by the power of precedent- It was notwithstan- 
ding a shrewd observation of an Indian, when asked 
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on man, by a beneficient Creator ; and 
which diftinguifh mankind from devils. 
That which is commonly called courage, 
and is confidered the oppofite of fear, ought 
rather to be denominated fool hardmefs. 
Such as voluntarily putting ones own life 
at flake, for an imaginary injury, or that, 
which it is believed, others may confider 
an injury ; and on whofe opinion it alone 
depends, to become an injury or not. Or 
which is ftill worfe, to become the volun- 
tary murderer, of one who is innocent, or 
guilty, in but a lmall degree, too trifling to 
be worth notice ; only on account of fear- 
ing, others may believe one has been in- 
jured, (it was faid on account of fearing,} 
therefore, fuch conduct originates in cow- 
ardice, and not courage. 

But, true courage confifts in voluntary- 
ly hazarding a leffer injury, to prevent a 
greater; which, from circumftances, ap- 
pears unavoidable ; or, in hazarding of 

what a certain herb was good for ; (meaning what 
disease,) he inquired if the cattle would eat it ; and 
being answered in the affirmative, replied, " good for 
nothing." 

There can be no doubt, but the digressions in this 
note, will be censured, not being connected with the 
theme of the work; but, they are connected with the 
happiness of society, and whatever proposition has 
tendency to promote the happiness of mankind, may 
be justified. 
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few, in a wife and prudent manner, to fave 
many from danger and deftru&ion. 

But, if anger is unreftrained by fear, in 
any of its modes of operation, it muft be 
worn out by time and patience* or the irk- 
fome, rigid, and hurried ftate of the nerves, 
will drive the mufcles to acts of violence, 
againft the object which excited it ; or, if 
the particular object cannot be come at, in 
many inftances, againft any other animate, 
or even inanimate being, until the unruly 
energy, is exhaufted by exertion, and it 
fubfides. That anger exifts in an over 
tenfe, and hurried itate of the nerves, is 
further evident from this, that the flrength 
and activity of all animals, is greatly in- 
creafed thereby, and the defire of violent 
exertion is fo great, that fome perfons, and 
brute animals, if they can find no other 
object, to exhauft the indescribable, irk- 
fome, painful, and hurried energy upon, 
they will exert violence upon themfelves, 
to eafe their pain. 

That quality of the nervous fyftem fm> 
jecting it, to fuch energy, feems to have 
been beftowed, for the purpofe of felf-pref- 
ervation ; and is continued by the animal 
foul, with force fufficient to repel, or over- 
come the threatened or experienced inju* 
ry • but itsviolence is too often mifapplied. 
More clearly to comprehend the difoidered 
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operations of the fenforium, in the deran- 
ged ftate now to be confidered, it feems ne- 
ceffary, briefly to reflect, on the healthy, 
and undifturbed ftate of the fame. An ex- 
planation of the modus opperandi, in the 
procefs of memory, has been attempted ; 
but fome recapitulation appears neceffary. 

When vibrations, that are produced by 
exciting powers applied to the nerves, are 
communicated to the fenforium, in a 
healthy ftate, all the nerves of which it is 
compofed, inftantly perform whatever is 
for the well being of the animal economy ; 
and every nervous fibre thereof, is ready to 
revibrate, the vibrations that have been 
before therein excited, and which have 
now for a time, been fufpended ; i. e. the 
matters or things, that have been before 
fenfed, are again remembered, which have 
now for a time, been forgotten. And thofe 
nervous fibres, are alfo ready to be moved 
to vibrations, by thofe next adjacent to 
them ; i. e. recollecting one matter, caufes 
the recollection of another, that has affini- 
ty thereto, oris connected therewith ; and 
which is indifpenfibl/ neceffary, to contin- 
ue a regular chain of rational actions. 

In fine, all the nerves compofing the fen- 
forium, when in health, are in a ftate to be 
moved to vibrations, by which the law of 
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fenfibility is excited, whether moved 
thereto, from without, through the medi- 
um of the organs of fenfation, or by re- 
flections within the fenforium, the regular 
performance of which, is the efTence and 
operation of memory, and is that which 
conftitutes a .found mind, or found mem- 
ory. 

Different indeed is the ftate of the fenfo- 
rium, in the diforder of which we are treat- 
ing. By obferving the fymptoms and the 
variety of the appearances exhibited by ma- 
miacks ; and comparing the whole, with 
other phaenomena, it appears evident, that 
from fome caufe or ca lies yet unknown, 
part of the nerves compofing the fenfori- 
um, are deficient in action, that although, 
they in general obey the will, yet, they are 
either generally too torpid, readily to revi- 
brate thofe fufpended vibrations, which 
had become familiar to them by habit ; 
i. e. to recollect thofe occurrences which 
had been often recollected ; but it appears 
altogether evident, that it is a part only 
that are torpid, for there is an extraordina- 
ry power of mufcular exertions, as well as 
the moft apt and fprightly wittinefs at 
times, and on certain occafions ; which muft 
be the effect of extraordinary tone and ac 
tivity, of fome of the nerves at the fame 
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time, that others do not vibrate, to excite 
the law of fenfibility, or to renew memory 
of matters forgotten. 

And it alfo appears, to be one of the reg- 
ulations of the animal economy, that in a 
ftate of health, there muft exift a certain 
degree of energy, * juftly diftributed to 
all the organs, by which provifion, when 
one eye has loft the power of vifion, the 
energy before exhaufted upon that eye, is 
applied to the other, by which its acute- 
nefs is increafed ; which idea feems to be 
fupported by obfervation. So alfo. when 
an occupation requires powerful and con- 
llant exertions of particular mufcles, the 
accomplishment thereof, is at firft tedious 
and painful; but by habit, there is an ac- 
cumulation of energy, by which the exer- 
cife is borne with eafe, which is further ev- 
ident, from the great increafe of flrength 
in the mufcles, by habitual exertion. 

It appears evident, that the direct caufe 
of mania, is a fuppreflion of vibratory ac- 

* By energy is not meant a newly discovered law 
of nature, but a greater or less degree of tone, and 
power of sensibility of the nerves ; loi as long as theic 
is life in a part, its nerves are not destitute 1 of energy ; 
and when it is said there is an accumulation of ener- 
gy, it is meant that the nerves are in a 'proportionate 
ly higher state of tone, and possess a pioportiona- 
bly greater power of sensibility. 
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tivity, * or at kaft, furprefllons at periods, 
more or lefs remote, of that power in ma- 
ny of the nerves of the fenforium, by which 
there muft be an accumulation of energy, 
which muft operate on thofe nerves that 
are fufceptible of its operation, and when 
to them applied, produces that difagreea- 
ble, irkfome, and painful fcnfition, that is 
experienced in provoked anger ; and which 
is doubtJefs, in all refpects, as tedious to 
be endured ; and can be fuddenly relieved 
only by exhaulting the over aboundant 

* It cannot be a suspension of the operation of 
the law of sensibility simply ; for that law is only the 
effect of vibration. But without doubt there is a certain 
state, or formation of the nerves, which is necessary 
to, and which does constitute and enable them to be- 
come the centre of the law of stnsibility ; and without 
which, they cannot possess it ; and wi ich particular 
mode or state of existence, may at times be wanting 
or deficient; and, notwithstanding the nerves have 
power to, and do vibrate ; there may be a want of sen- 
sibility, but which in reality, is a want of that certain 
state or mode of the netves ; for the possession of that 
law of sensibility, is the never failing consequence of 
such state ; although it may operate only when exc ted 
thereto by vibrations ; therefore, it must be a want or 
deficiency of thru state or mode of existence, or of vi- 
brations, for when neither are wanting, or deficient, 
sens bdity is as unavoidable, as the decent of a body 
by the law o^ gravitation when unimpeded, or the 
movement of the needle by polar attraction. For when 
steel is so modified as to become the centre of the law 
bf polar attraction, it unceasingly possesses it until its 
mode of existence is changed. 
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energy by violent exertions, or by greatei 
pain, or the fear of greater pain otherwifc 
infliaed; which in all cafes, fhortly exhaufts 
nervous energy : either of which proves a 
final cure for the prefent paroxifm of pro- 
voked anger. But when from a diforder- 
ed ftate of the fenforium, the caufe of accu- 
mulated energy, ftill continues ; although 
it is exhaufted, it. will foon again accumu- 
late, and be attended with the fame confe- 
quence ; and this agrees with common 
obfervation for the maniac rages and refts 
alternately. So alfo, in canine madnefs, 
the dog raves by turns, and the fame may 
be obferved in all fits, that are attended 
with incoherency of ideas. 

Their caufes being different, together 
withthe incoherency of ideas in,andlengthy 
continuance of unprovoked madnefs, fhews 
a great difference in the two kinds ; but 
their operations and effects on the nerves 
and mufcles, feem only to differ with re- 
gard to the object, on which to vent their 
rage. In that caufed by provocation, the 
revenge is directed againft the object th it 
gave the offence ; but, the unprovoked, be- 
ing only an over fupply of energy, feek- 
ing vent, will m'oft readily be difpofed to 
thofe nerves, which are moil in a habit of 
motion ; i. e. thofe that have been excited 
through the medium of the eye and car 9 
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by the rays of light, refleded from, and 
undulations of air, by thofe perfons with 
whom they are moft familiar, and who are 
the moft agreeable, or by whom the nerves 
have been excited, in any other way or 
manner ; for thofe nerves will not only be 
the moft frequently moved by direct op- 
erations of light, &c. from thofe perfons, 
but will be re-excited oftener than any oth- 
er; i. e. more repeatedly remembered 
when not prefeht, than any other objects 
by which the mufcles that turn the eyes, or 
difpofe the body, towards thofe perfons, 
have been frequently and often, and almoft 
continually moved thereto. Wherefore, 
the redundant energy, will fpontaneoufly 
attach to thofe nerves that actuate or move 
thofe mufcles, and not only the mind but 
the movements of the body, will now be 
toward thofe people ; but, regularity of 
thought being loll, the movements will be 
like an ungovernable torrent with violence 
dangerous to thofe perfons, to whom, be- 
fore they were protection. And the ma- 
niac, from the unfoundnefs of his memory 
even deprives his beft friend of life, with- 
out knowing it is his friend, which he kills, 
as one who had (hot through the body a 
beloved mother, who expired in a few mo- 
ments ; who, in a more lucid interval of 
madnefs, being alked why he {hot his moth- 
er, answered, he thought it was a partridge 
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on a tree that he fhot at. And this agrees 
with common obfervation, for deranged 
perfons are moft fpiteful toward their beft, 
and moft efteemed friends. 

There could not have been a more cx- 
preflive term for this diforder, than that 
of non fane or unfound memory ; for it ex- 
ifts folely in a diforded or unfound memory* 
i. e. a defect in fome of the nerves to revi- 
brate, or in other words, to renew the ope- 
rations which had been before produced in 
the fenforium, by the irritations of exter- 
nal fubftances, through the medium of 
fome of the organs of fenfation, or by the 
vibrations of adjacent nerves, by which 
the fufpended law of fenfibility ought to 
be again excited to operation ; or, in yet 
other words, refufing to act the fame thing 
over again, which renewal alene, without 
any other matter, mode or operation, is 
memory; which comprehends all,and every 
part of knowledge, poffeffed by any animal: 
on the regular operation of which, the reg- 
ular or rational operation, procedure or 
conduct, of all animals depends, all which, 
will be diffracted, deranged, irregular or in- 
coherent, exactly in proportion as the mem. 
ory is defective ; they are therefore con- 
sidered as one diforder, operating in differ 
ent degrees. 
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It would be extremely agreeable if from 
the foregoing theory there could be inftant- 
ly devifed an infallible remedy; although 
that is not the cafe, yet it cannot be denied 
but the nearer we arrive to a juft knowl- 
edge of the cafe, we are the more likely 
eventually to obtain the wifhed for arca- 
num. 



HYDROPHOBIA, &c. 

This appears not an innate diforder of 
mankind, but is in all cafes the effect of 
extraneous poifon, topically introduced to 
the flefh ; the great length of time it fome- 
times remains without any apparent oper- 
ation, is not a little furpriling and unac- 
countable ; but it appears moil probable 
that it is rarely, if ever introduced to the 
cavity of an artery or vein ; for either of 
them if not confined or powerfully diften- 
ded, will roll from under the point of a 
lharp lancet. Therefore, the tooth of a 
dog, or of mod other animals, can but hard- 
ly be made to perforate their coats, but 
muft pafs by the fides thereof, or between 
two of them, and the quantity of poifon 
that is not wiped from the tooth, by paf- 
iing through the fkin, is but fmah ; unlefs 
the ikin and flefh are much torn, and the 

1-2 
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veffels tliereby broken, by which the emp- 
ty extremities contract and withdraw into 
the flefli, and circulating no fluids, can con- 
vey no poifon ; and if, into a large wound, 
a quantity of the deleterious faliva, fhould 
be caft ; the free difcharge of blood, 
&c. would probably warn it from the 
wound j but if in facli, the poifon is con- 
veyed into the cavity of the arteries or 
veins, and mixed with the circulating flu- 
ids, it is probable the vis vita will over- 
come and deftroy its poifonous qualities, 
and expel it from the body ; for it does 
not operate directly like arfenic, &c. but 
muft like corn planted, or the miafmata of 
the fmall pox, meazles, &c. die and produce 
a new crop, before it operates in another 
body, than that which produced it ; and 
for that purpofe, it feems it muft be de- 
pofited in thofe humours that are in a tor- 
pid Hate, of which it has power to co- 
agulate, and confine a fmall portion for a 
longer or fliorter time, according as the 
particular fituation is more or lefs favour- 
able to its continuance, which in fome in- 
ftances, is for a long time ; but eventually 
by fermentation, or fome other operation, 
the confined fluids are attenuated, and by 
abforption received into the veins and ar- 
teries, with the circulating fluids. And, 
by fublequent operations, it feems, they are 
peculiarly prepared to be, and are chiefly 
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depoiked in the falival glands ; which alfo 
more fully appears, from the great quanti- 
ty of faliva or rheum, difcharged from the 
mouth, and which contains the poifon by 
which the difeafe is communicated. 

On the nerves, of what pan of the body 
the irritation of the poifon is exerted to 
produce that incohevency of ideas, and un- 
governable defire of mufcular exertion 
which feems not in the leaft to differ from 
mania, is doubtful but from the ungov- 
ernable defire of biting, it is probably upon 
the nerves in the glands of the mouth, fau- 
ces, 6>c for there appears no reafon, why 
the opera; ion may not be local, in this as 
well as in many other diforders, whofe ef- 
fects are general. 

This being {imply the effect of a fpecific 
poifon, independent of conftitutional de- 
fects, or error of conduct \ no one ought 
to doubt, but a fpecific and infalliable rem- 
edv, will be eventually difcovered- There- 
fore, phyficians and others, ought to- make 
every experiment in their power, not only 
on the human fpecies, but upon dogs and 
other animals, to attain the wifhed for dif- 
covery, and whatever is propofed with 
probable appearance of propriety, as a rem- 
edy, ought cot to be flighted, but to receive 



that attention, which may decide with cer- 
tainty concerning its merit.* 

* It s probable that the flesh slouching of around 
the wound together with a plentiful discharge of mat- 
ter from the same, may, in some instances remove the 
poison therefrom ; therefore, to encourage the dis- 
charge may bj useful, but if the foregoing theory is 
correct, extirpating the flesh around and quite to the 
bottom of the wound may be of the greatest conse- 
quence- 
Considering the powerful operation of Copper, 
Mercury, and opium and the information concerning 
the following which I have received, and the impor- 
tance of discovering a remedy for the above disease 
also, that the General Assembly of the State of New- 
York, (where its efficacy is asserted to have been ex- 
perienced for more than twenty years,) have taken so 
much notice of it as to grant a compensation to John 
M. Crous for discovering and publishing the follow- 
ing prescriptions for the cure of hydrophobia, Sic. I 
take the liberty to subjoin the same — M Cure for the 
bite of the mad dog. 

** The following is an account and prescription of 
the remedy and cure of the hydrophobia or canine 
madness, made by John M. Crous, in conformity to 
an act of the legislature of the State of New-York, 
passed at their present session, viz. 

" 1st. Take one ounce of the jawbone of a dog, burn- 
ed and pulverised, or pounded to a fine dust, 

"2d. Take the false tongue of a newly foaled colt; 
let that also be dried and pulverised — and 

" 3d- Take one scruple of the verdigrease, which 
is raised on the surface of old copper by laying in 
moist earth; the coppers of George I or II are the 
purest and best. Mix these ingredients together, 
and if the patient be an adult or full grown, take one 
common tea spoonful a day, and so in proportion for 
a -child according to its age ; in one hour afar take 
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NERVOUS DEBILITY, OR LAXITY OF* TONE, 

The effects of which, may be tremor, 
tjniverfal weaknefs of the mufcles, faint- 
nefs of the vital organs, mental gloomi- 

the filings of the one half of a copper of the above 
kind, if to be hud ; if not, then a small increased 
quantity of any baser nieiul of me kind — tins to be 
taken in a small quantity ol water. 

" The next morning fasting, (or before eating,) re- 
peat the same as before. This, if complied with, af- 
ter tlie biting of the dog, and before the symptoms of 
madness will effectually prevent any appearance of 
the disorder; but if after the symptoms snail appear, 
a physician must immediately be applitd to, to ad- 
minister the following, viz. 

"Three- drams of the verdi grease of the kind be- 
fore mentioned, mixed with half an ounce of calomel, 
to be taken at one dose. Tins quantity the physi- 
cian need not ieai to administer, as the re -action of 
the venum, then diffused through the whole system 
of t lie patient, neutralizes considerably the powerful 
quality of the medicine. And secondly, if in lour 
hours thereafter the patient is not completely relieved, 
administer four grains of pure opium, or one hundred 
and twenty drops of liquid laudanum 

*' N. 13. The patient must be careful to avoid the 
use of milk for several days after taking any of the 
foregoing medicines." John M. Crous. 

It may not be amiss to observe, that copper is cor- 
roded to verciigtease by acid, or that vvliick is sour ; 
and therefore, if the verdigrease meets with acidity 
in the stomach, it may possibly corrode it to a cosuc 
quality, which the stomach cannot bear: and burned* 
bones ovsttr shells, or some other anti acid may be 
necessary ; but the bone of a dugs j*w, is no belli.*; 
than that of an asses. 
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nefs, and the mod diftrefling meLinch 
bearing down the foul of the unhappy fufl 
ferer ; intowhich, the unclouded fun fliow - 
ers infuppor table defpair. 

As this difeafe but feldom proves fatal, 
although it may continue for years, it is by 
the unfeeling, thrmghdefs, and ignorant, 
vulgar, denominated hypo, or hypochon- 
driac, and the patient treated with derifion. 
But there is no other human ftate, w iich 
fo mnch merits and demands the compaf- 
iion, of all who are not devoid of every 
human emotion. 

Happy indeed, is it for fuch unfortunate 
fufferers, who have friends, that will not 
forfake them in their diftiefs. 



ADDITIONAL THOUGHTS. 

On what does the explojion of gun -powder de- 
pend ? 

Evidences and arguments arefufficiently 
numerous, fully to prove, that the explo- 
fion of gun-powder is nothing more or less, 
than the rarefaction of water. 

The fpecifick gravity of water is nearly 
as i to ioooof air, (although not exactly 
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r 10, it will be convenient fo to exprefs it, 
|Lin the following obfervations,) but before 
M corpufcle of water, can float in air, it 
' muft become as light as a particle of air; 
' for which purpofe, the particle of water 

muft occupy a fpace, 1000 times more ex- 

tenfive than in its natural ftate. 

Clearly to underftand the operation, it 
1 feems necefiary to have correct ideas of flu- 
r idity and exhalation. 

J he conflituent principle of fluidity is 
the lame in ah fluids ; but water is now 
the fubject of inveftigation, and from its 
tranfparcncy, incompreffibility, and many 
other circumftances and appearances, its 
C upufcles are evidently fpherical, homo 
genious and impenetrably hard. 

To every particle of which is annexed, 
an invariable law of repulfion, whofe pow- 
er in iis natural ftate, extends no further, 
th n to prevent all contact of particles, 
and which is perfectly uniform in its ex- 
tention, by which the particles are kept 
' when unagitated, in regular lines, that the 
rays of light may have free paffage in all 
directions. Its tranfparency is full demon- 
stration of the homogenioufnefs of its par- 
ticles ; and alfo, of the equal extenfion of 
the law, or power of repulfion which 
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they poflefs. Its incompreflibility is e 
deuce of the hnrdnefs of its particles ; a 
alfo, that the law or power of repulfic 
which conftitutes its fluidity, extends 
further, than to prevent their touchin 
but which no force or power can overcome 
or deprefs ; for if it could be deprefled, 
water would be compreffible ; and if its 
particles could be forced together, its fluid- 
ity muft ceafe. In thefe laft refpe&s, it dif- 
fers widely from air. whofe conftnuent law 
of fluidity is nearly jooo times more ex- 
tensive than that of the particles of water ; 
by which extenfion, it may fufler great de- 
preflion, without endangering its fluidity, 
or apparently lcflcning its tranfparency. 

This law of repulfion, annexed by the 
creator to each corpufcle of water, is that, 
without which, there could have been no 
fluid whatever; but, united to the corpuf- 
cles of water, is not only the caufe of its 
fluidity, but is alfo the caufe of many other 
operations, without which, creation would 
have been imperfect ; by its power, when 
excited to operation, the rarefaction of wa- 
ter is produced, which feems nextly, to re- 
quire explanation. 

It has been cbferved that the repellant 
power, annexed to the corpufcles of water 
in its natural flate, extends no further, 
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than to prevent the contact of particles j 
but it is evident from many observations 
that the aforefaid repellant power is capa- 
ble of very great extenfion, which may be 
excited by a variety of operations. The 
agitation of air, or wind, whether natural 
or artificial ; as a ftrong current of air from 
ventilators, driven over the iurface of large 
ciiterns of water, in manufactories for fait, 
&c. But fire, above all other things, ex- 
cites the extenfion of the repellant power 
of the particles of water. 

It has been obferved, that the fpecific 
gravity of water, is to air, as nearly iooo, 
to one ; yet there is no pofitive proof that 
particles of wa'.er are larger than thofe of 
air, nor do I confider the experiment, by 
which it appears that water may be forced 
through the pores of gold, and that air 
cannot, is any proof that the particles of 
water are finer than thofe of air ; for the 
much more extenfive irrefiftible law of re- 
pulfion, poiTeffed by the particles of air, 
than by thofe of water, is confidered fully 
fufficient to prevent the paffage of thofe of" 
air through gold, although they fhould be 
much finer than thofe of water. The pro- 
bability feems to be, that thofe of air are 
fineft ; but, I know of no reafon, why the 
fact fhould be confidered very material. — 
It is enough for the prefent purpofe, to 
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know, that a cubic foot of -water is nearly 

as heavy as 1000 cubic feet of atr. Thercj 

fore, as before obferved, water muft become 

looo times lighter, than in its natural ftate 

before it can float in air ; to produce which, 

it muft occupy icoc times more fpace by 

the rarefaction of its particles, than in its 

natural flate ; but the folid fubftance of 

the particles of water is incompreilible ; 

therefore, they.cannot themfelves expand ; 

but the repellant power united to them, 

muft be excited to an extenfion fufficient 

for the requiiite purpofe. 

The procefs feems to be as follows, when 
wafer and fire are brought into contact:, 
there is in no inftance a truce ; for fuch is 
their oppofition, that one or the other muft 
6e completely repelled ; if there is i'uificient 
water, all lire that is in activity will be ex- 
tinguished ; if the fire exceed, the water 
muft be evaporated, and the more fudden 
the mixture, the more immediate the ef- 
fect. 

It appears .from obfervation, notwith- 
standing the oppofition which exifts be- 
tween fire and water, that when, by the 
operation of fire, the repellant power of a 
particle of water begins to be extended, 
ihat particle inftantly becomes an attractor 
of the particles of fire ; and forthwith at- 
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ts, to within its fphere of repulfion, as 
r many of them as are fufficient to faturate 
T it, if lb many are within its power ; when 
the redundant particles operate on other 
particles of water, or rebound among them 
in the fame manner, as they do among the 
particles of iron, or other fubftances ; for, 
as long as the repellant power of the parti- 
cles of water remains in its condenfed, or 
clofe (late, it re lifts the operation of the 
particles of fire, until there is a confidera- 
ble accumulation thereof, among the parti- 
cles of water ; but, when the repellant* 
power of a particle of water begins to be 
extended ; the particles of fire find no fur- 
ther refi(ti»nce, and readily attach them- 
felves thereto, uritil the particle of water is 
faturated therewith, and that the accumu- 
lation of heat, in water, contained in an 
open veflfel, can by no means be made to 
exceed 21 2 degrees ; for when accumula- 
ted above that 'degree, the heat iniiantly 
rarefies every particle, which m'uft imme- 
diately exhale ; by which operation, the 
irrefiftible repellant power of every parti- ( 
cle of water is expanded to 1000 times 
its natural fize, by which they become 
of nearly the fame fpecific gravity of par- 
ticles of air, or fomething lighter than thofc 
at the furface of the earth, by which they 
afcend to a medium where they are ful- 
pended, and are the only fource of rain, 
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A drop of water, let fall intc glow, 
where it is 'instantly rarefied and exhaled, ma 
aiidible report. , ' 

I once took into my hand an nun. with a hamlle oi 
wcod six feet in length ; it was night, and the 
was wet with dew, to which I did n«Vt attend : a woik- 
inan. had laded the melted potash Irom a kettle ; I 
applied the wet scraper, to gather the remains ot the 
potash, to the bottom of the kelle ; at the first touch, 
the edge might emerge a quarter oi an inch into the 
potash glowing with a red heat ; the explosion was as 
sudden as the discharge of a gun, and the report al- 
most as loud, ©or did my eyes hut just escape the 
drops of meked potash, which passed my face re| 
sembhhg stripes of fire, with nearly the celerity of 
shot. 

Pulvis Fulminancc, (thundering powder) composed 
of saltpetre 3 parts — sal. tartar 2 parts, and brimstone, 
one pj.it, of which a heaped tea spoonful, being placed 
drnTs hovel, and set over a fire, first melts,*after which 
it at once all explodes, with a feport equal to a well 
charged musket : this exceeds any gun-po\»der \i 
strength, but does not explode until after melting; 
therefore e.ui be- no substitute for it. 

Another mode of bringing fire arid water to operate 
on each other, merits attention. To prove before fin- 
ishing, whether a gun-barrel is sound, containing wa- 
ter, let both ends be made tight with plugs, place it 
over a fire, so that it may heat in the nikfrile, when 
the caloric penetrates, rarefaction begins in the water ; 
by the irresistible power of which, the water will be 
forced through any unsound places, if such there are ; 
if not, by an increase of heat, the plugs if not too fast, 
will be forced out ; but if there i*no breach and the 
plugs do not give way, when the heat is sufficiently 
augmented, the barrel must burst where the iron is 
sound. 

There are innumerable ways of bringing fire and 
water into contact, so as to cause explosion ; but it is 
thought enough have been mentioned. In all the a- 
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? experiments, it is evidently the extension of the 
of impulsion, that is annexed to the particles of 
and is operated upon by the particles of fare, 
if h produces the explosion. 

That it is the extension of the law of repulsion an- 
fcexed to particles of water, appears evident from this, 
lint in tiie first experiment the whole quantity of coal 
and saliva, must he mixed at once, and are both al- 
most entirely dissipated by the explosion ; and that 
1 neither the fire nor water alone» when struck as above 
{produce any extraordinary report. It is therefore 
evidently, the snddenly mixing of the two, by which 
lone powerfully operates on the other, and that it is 
Ithe one operated upon by the other which explodes ; 
[that it cannot be the fire which is expanded is evi- 
dent from this, that fire easily penetrates all bodies, 
but does not enlarge their volume any further than it 
l excites an extension of the anti-crouon, or power of 
trepulsion they possess, which it has the power of do- 
iinc,' in almost all things; for steel, ston s. earth, &c. 
| expand and become fluid by the opeartion office , and 
its operation is exactly the same in all other things, 
us in wa'er. in proportion to the anti-crouon their cor- 
Lpviscles possess. 

In the experiment of the gun-barrel, if filled with 
fair instead of water, the effect must be in proportion 
'.o the difference of power of rarefaction, winch air 
I knd water possess, and it" it should contain neither air 
water, the fire could have no effect upon it. 
id irom all appearances, and every observation it 
evident that it is not the fire which is expanded, but 
js the fire which has power to enlarge the volume 
all bodies, but water beyond all others. 
That it is the water which is expanded, is demon- 
strated bv exhaku on, for there needs no argument to 
hrove that a heavier body cannot spontaneously as- 
cend through a medium 1000 times lighter than itself, 
Much is nearly the odds between air and water; and 
tat to enable the corpuscles of water, to ascend into 
., iheV must occupy 1000 times more space, 
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ti, an in thtir uaturhl stale; which, when instantan* 
eously produced, is all that is necessary, to pvopel the 
ball from a cannon. And as we have no evidenMj 
that any other substance but water possesses sucliV 
power, and have conclusive proof that water does, it 
seems unnecessary to look for it in any other ; for we 
have few things in greater abundance- 

It appears probable that tfle repellant power annex- 
ed to the corpuscles of water, is capable of an exten- 
sion from its natural state beyond that of the corpus- 
cles of air, in proportion to what they each possess. 

It may however be otherwise; but having no con- 
veniences for the purpose of making experiments, it 
is not in my power to ascertain the fact. However it 
may be. they were each of them created so us to an- 
swer every purpose for which they were designed — 
And that the nucleus or solid centre of a particle o 
water, Avas at creation constituted, so forcibly to con- 
fine its law of repulsion, that, without the operation of 
eert« ; n powers, it should extend no fuither than to 
prevent any contact of pas tides ; but that they should 
remain so irresistibly fixed asunder, that a volume of 
them cannot be compressed to a degree that may be 
perceived. And whether the repellant power of par- 
ticles of water may be extended in proportion to quan- 
tity, more than that of particles of air, or not. It is so 
constituted, ihat by the application of the aforesaid 
powers, it is capable of extending to a degree which 
enables them to rise in air ; by which rarefaction, a 
number df indispensable purposes in nature are ac- 
complish 

And it seems that for the purpose of keeping the 
corpuscles cf water, irresistibly asunder, when so 
closely situated ; it was necessary, (it one may be al- 
lowed so to express it,) that the repellant power there- 
of, should be much denser than that of the particles 
of air; whereby it must not only resist more power- 
fully, but when rarefied extend a far greater distance, 
in proportion l« the space thev each occupv befors 
rarefaction. 
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ACCRETION or growth, followed by de- 
cay, &c. 13 ; produced by fluids in a tor- 
pid state, 96. 
Anchor- frost, 86, 87 ; dams endangered 

by, 88. 
Acid denned, 192 ; of vegetable produc- 
tion, 192 ; no part of the composition of 
fire, 193. 

Anticroun, (definition of) 116; not only dif- 
ferent from, but opposed to caloric, 117. 

Air an element, 14, 21 ; comparative fine- 
ness of its corpuscles* 20 ; condensed by 
the fumes of charcoal, 26 ; does not pow- 
erfully retain heat, 73 ; extraneous matters 
in, have caused the idea of a variety of 
gas, 25 ; its qualities, 15 ; no reptile or 
other matter descends from, 76 ; not a 
subject of growth or decay, 24 ; rarefia* 
ble, 26 ; undulations of, 161. 

Atmosphere can support nothing heavier 
than air, 76, 77, 81, 82. 

Attraction of cohesion, 35 ; inexplicable, 36. 

Black clothes warmer than others, 132. 

Caloric defined, note P. 8, 183. 

Carbonic acid gas condenses air, 26 ; its 
production, &c. 28 ; its- fatal effects, 28, 
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Cellars vary but little as to heat and cold, 4 1 ; 
instance ef extraordinary congealing on 
the wall of, 85. • 

Cistern of balls represents a fluid, 16. 

Charcoal or carbone, 187. 

Choke damps, 28. 

Congealing peculiar to water, 43, 47, 70. 

Cold an entity, 31, 33 ; its specific gravity, 
39 ; repels heat, 31 ; the atmosphere its 
magazine, 37. 

Color, (a blind man's idea of) 12-9 ; Dr. 
Bcerhaave's, Mr. Martin's and Sir Isaac'* 
ideas of, 128 ; deep scarlet the strongest, 
148; innumerable, 145, 154 ; appears in 
other objects than those in which it ori- 
ginates, 155 ; produced by dye-stuffs, 
paints, &c. 128 ; refraction of rays alone 
cannot be the cause of, 147 ; Sir Isaac's 
experiments upon, 145,146; violet blue 
the weakest, 147. 

Dissolvent power of water may compose va- 
rieties of soups, broths, tinctures, &c. 91. 

Ear, 161 ; undulations produce innumerable 
sensations upon, 162. 

Element, (what >s to be understood by) 10 ; 
number, &c. of doubtful, 11 ; what con- 
stitutes, 15. 

Electrical fluid, doubtful whether an element 
or not, 133 ; is a medium of sight, 125, 
142 ; diffused to almost all matter, 133 ; 
attracted by exhaling corpuscles of water, 
140,141; fineness of, 134 ; its rapidity, 



134, 135; repelled bv air, *39 ; differs 
not from lightning, 140, 141; subject to 
gravitation, 138 ; transported with exha- 
lations, 140 ; in all respects different from 
common light, 135, 138 ; cannot be re- 
tained in moist air, 139 ; finer than mat- 
ter of the sun, 134; moves in curved 
lines, 127. 

Entity of cold, 33 ; proved by compressing 
snow in the hand r &c. 33. 

Exhalation, 55 ; continued by particles of 

- fire, 58 ; from putrid carcases poisonous, 
103 ; produced by other causes than fire;" 

, 69 ; its use, 58 ; transports, heat power- 
fully, 61, 71. 

Extraordinary occurrence, 79: 

Eye, image of objects not painted on, 143 ; 
colored glasses worn before, causes ob- 
jects to appear of the same color, 452 ; dis- 
cerns not two objects at onee, 167 ; effect- 
ed by stimulus or feeling, of light, 144 ; 
capable ©f but seven distinct dtgrees of ir- 
ritation, 144 ; intermediate irritations of, 
produce compound colors, 145 ; Hs situ- 
ation, 158 ; surveys objects, to discover 
extension, figure, Ike. 169 ; the most sen- 
sible and most useful organ, 157, 158 ; the 
mind exquisitely sensible of its move- 
ments, 168. 

Fire, corpuscles of and light the same, 7, 
113 ; cannot be analiztd, 121 ; cure of 
its effects, 180,181, 112,183; evolved 
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plentifully from decompounding substaiu 
ces, 178, 1-84, 185 ; is connected with all 
compound substances, 179; its effects in 
living animal flesh, 179, 180 ; is without 
gravity, 120 ; its operation on a cistern 
of water, 57 ; materia solis, matter of the 
sun, &c. synonimous terms, note 8 ; the 
sun the source of, 7, 112 ; why operates 
as heat and light, 8 ; motion necessary to 
its operation, 196 ; sparks of, from the eyes, 
its appearance in the eyes of a cat,&c. 208. 

Fluidity, (what constitutes) 16, 17; suppo- 
sed properties of, 17, 18. 

Food masticated, digested, comminuted, 
&c. 96. 

Frost, its effects in ice-houses, cellars, &c. 
38 ; in vegetables, 47 ; in a potatoe, 49 ; 
in living animal flesh, 50 ; art of treat- 
ing, 5L 

Gout and atonic rheumatism the same, 109 ; 
cause of, 108 ; cure of, 110 ; blood let- 
ting in, 1 10. 

Hydrogen defined, 183. 

Hail, 54 ; its production, 70 ; largest in the 
hottest weather, 77 ; its formation, 77, 
78 ; considered as a judgment, 78 ; storm 
of, at Montpclier, 80, 85. 

Heat without light, 8, 131, 185 ;. and light 
the same, 113 ; from the sun, and artificial 
fire the same, 7 ; animal, 195; its cause, 
195 to 198 ; experiments* of Doctors For- 
dyce and Solander, 204, 205, 206. 
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Iron cannot be welded in fire of wood, i 9t - dark ho, T 

.pear, red where dark, r 3 i ; red hot 130 ; white heaVx^r' 
L.ghtray, of iiner than air, &c. 30; reflected hi ,,™J I 
30; from fan. finances with Veatfrttity tCnters, 

Two kind, of, xz5 ; and fire the fame effence, note P, 8 11 1 • 
ray, of attra<aedba,kto,hefan,xi3, „ 4i rays hem * few* 
alter, not color but makes it appear duller, i 7 z, I73 f t ,J' 
few ray, anfwer for vifion, 8, i. 7 -j common not fub ecV to 
Vr.nut.oniM «» n retracing doc. not alway. produce 
variation ofcolor, ij* ; celerity of 1O0 000 mile, in fecond of 
time, 1 491 rays do not touch partichs of air when palling 
through it, 73, 74; without fenfible heat, 9, 186; retarded by 
glancing caule. ideas of color, 148. 

Learned-difference among denote, error, ll 5 ; their difference 
concerning fire, I16, n8. 

Mind fufcepiible of the leaft movement of the eye, 168; decide. 
of dirtance, figure dtmention, extention, &c. by movement, of 
the eye, 169, 170, 171. 172, i 74 , 7y; perceives feven d.ftindfc 
ideas of found, x 1S ; decides of diftance by diminution of fize 
and du.Inef, ofcolor, i 7 2. 
Nihility not'hingnefs, &c. cannot operate, Sec, 3 r. 
Oxygen defined, 18 3. »y*. 

Organs of fight feel the ray, of light; 159, i 44 . decide nothing 
of form, dimenuon, exten-ion, or diftance by the operation of 
Jight on them, 166 ; mode of acquiring the idea of a eroli, 
&.c. io 7 . 
Petrification of infe&s, &c. 12. 

Phlogifton defined. 183, 188; and caloric the fame, 88, 189. 
Rarefied particles of water attract thofe of fire, 60; mufi become 

!igh! a? air to exhale, 61. 
Ricke:s. earned by torper of fiuids, 106. 

Kfcfolvent, d:ffolvent &c fynonimous- terms, 89 ; power of water 
may corr.pofd vaft varieties of f.iup,, broths, tinctures, Sec, 91. 
Rain it. produtSlion, 76 ; bow, I57. 
Roaring in clouds ind.cate3 hail, 75, 76. 
Seeing, bearing, &c. the fame a. feeling, rj6, 
Series but oue not five, 157, 165. 
Senfatiou the effeift of irritation, 15 j. 
Salt why it penetrates meat and is equally difTufed in meat, &<:'. 

90, 92 ; and faltpetre may prevent gangreene, 9^ 
Sodosi and Gomorrah fhower of frre, Sue- on ; 84", 
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Snow or Ice improper to apply, to apart frozen, 5-2, 54; ca* 

caufe water to freeze before a fire, 3*, 86', its production, 79.,. 
Sounds feven diftinct, 177; unifoq, concord of, &c 176,177, 

1-8. 

Shower of fand on the Mediterranean, 80, 84 ; of light perpetu- 
ally ifluing from the fun, 113, 

Scurvy produced by torper of fluids, &c 97, 98 ; cure of in 
the gumi, 100; fymtoms of, 10a; ture^of, 105; in what it 
differs from Rickets, 105, I07. 

Stones, &c. fall from the air in Connecticut, 84. 

Strata of warm and cold a ; r, 72, 76, 86- 

Steam fog cloud, &c all the faxe, 57 ; engine, 63. 

Specific gravity of an inflated, bladder to air and to water, 
45 ; of iflands of Ice to water, 45. 

Sun the fource of heat, 7, 73, 11a, 123; attracts back the ray* 
it repels, 113, 114; its bignefs remains the fame, 114; the. 
heat of its rays not increafed by reflection, jai ; why it ap- 
pears fmall, 175. 
T.iftes difference, infinitely numerous, 16a, 163. 

Treatment proper for a burn, 181, 18a, 183; a part frozen, j », 
ja 

Topical application ufeful in difeafes, 93 ; of Mint, &c. efFecti 
the breath, 94 ; of fea fait and faltpetre to prevent gangreene, 
95. 

Torpid ftate neceffary for affimulating nutriment to repair 
waftes, &c 96. 

Uniformity of operations of laws of nature, 13, 53, 56, 57, 9*- 

Vniverfe made compleat at creation, t A . aj. 

Undulations produce innumerable fenfatiops, 161 ; power of, 
131, 162, 17$. 

Varieties eudlefs, 164, 165 ; infinite, 161, 16a 

White faid" to be a compound of all colors, 13a, 150; cloatljs 
cooler than others, 133. 

Water boils quicker by covering the ciftern, 61 ; boils in heat of 
213 degrees, 6a; cannot retain heat in open veflels above 2ia 
degrees, 62 ; exhaled and faturated with fire becomes gas, 64 ; 
exhales when frozen, 69 ; has no air in it, 67 ; its corpufcles. 
uniform in fize. &c. 18; is the only fubftance that congeals, 
40, 43, 47 -, is fa'd to make air, 66 ; its fpecific gravity com- 
pared to air and ice, 29 43, 44; may be congealed near a fire, 
32 ; may be frozen at any feafon, 86 ; rarefaction of the pow- 
er of fteam engine, 63 ; reflects the rays of light, 30 ; why. 
tranfparent, 29 ; chymical production of, 183, 184 

Wood decomposition of by fire, 186, 188, 189; light wltHou.C 
heat, 186. 
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iQ populous towns fatal to children, note P 71 

umals and vegetals, in what differ, 9. * * 

(oplexy, &c 65. 

me feting emperical art of, note P. 88. 

lorea or St. Vitus* dance, 79, note 80. 

ildren difeafes of, note, P. 67 ; differently denominated a . 

P. 69; air of populous towns fatal to, note 71 ; difference c 

fevers in, no.c, P. 69, note 80. 
Cold water and «u< ufeful i G fevers, note 86- 
Epilepfy, Hyftcrics, &c. 66, 67, note 80 ; its operation in a Hofi 

pital for children 74. 
Excitement, fources of numerous 18. 
Extennon.niinutenefs, &c. of matter, note 3.9. 
Fear, what it is, 88 ; reftrains anger, 98. 
Fool hardinef*, 9?, 
Gold, 1, 999th part folid, 38. 
Gunpowder, 106. 
VH^aring incorrect ideas of 2. 
Hydrophobia, iOl ; cure of, note 104. 
Hyftei ic and Hypochpndriac efftctions, 67 ; rcmediej for 75, 

i.ote 80. 
Irritation produces motion, 3. 
Immaterial fubftanca caienot operate on matter, a. 
l.nw of Coitraction. 46 ; of nature inespl cable, 51 ; fenfibilify, 

7, its »'m; ortance, 15 ; cannot caufe itfelf to operate, *8. 
Life and death, 52. 
Madnefs provoked, 81 ; mania or disordered, 95 ; dog, 101 ; 

cure of, note 104 Matter, its minutenefi, exteDfcon, &c, note 

39; divibble ad infinitum, 38. 
Memory exifts in vibratory motion, &c. 19 ; exemplified by a 

fair face, &c 20. 
Melancholy, 106. 

Muicular motion, 19, 31 ; errors concerning, 31 to 35 ; how 
! performed, 46 ; not performed mechanically, 36. 
Nerves, n err. her of 6 ; concentration, compofes the senforium, 7 ; 

law of feniibility aunexed to, 7. 
Nervous difeafes 63 ; fyftem, 5, 7, io, 12 ; debility or laxity 

of 105. 
Pleafureand pain, J5- 
Poil'on, &c. 61. 

Quacks andmedicafters.impcCtionof.note 87. 
Reafoning or reflection the effect of memory, 34 to 31 ; exem» 

plified by an anecdote, m, &c\ 
Senfibility, 7 ; repugnant to matter, 8 ; exifts in a law of natu/c>, 
moved by exciting power*, exemplified by a fair face, ip* 
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Sleeping and waking, 53. 

Senforium center of fcoiation, 6. 

Spafms, conviiliion 6ts, &c 78, and note 78, 80; ( 

St. vitu/ dance, 79, note 80. 

Soul, animal, giows, &c. 14 ; common ts animals, 14, I5 ; it 

operations, 17. 
Confcious 9. 

Tetanus, &c, 76, note 80. 
Trutli overlooked l>y inquiries after, 5. 
Vifion erroneous ideas concerning. 2. 
"Witchciafc, &c. caufe ofdif<?afe8, note 83, 86,90 



77/e rt adcr is requested to connect the Jollijivivt* crro 

in :he sih/tendix 
Page 1, line 7 from bottom, for agree read agrees. 

40, note, line 8 from bottom, for concejfion read conception. 

41, note, line 11 from top, tor goei read </o«. 

44>line I7 from top, for poffejes read pofljing and dele rAf. 
48, line 4 from bottom, read W prevents a. 
63, note, line 9 from bottom, for caufe, read *<{/£/. 
76, line 4 from bottom, for opithotonos read opijlbotonos. 
/8, note, line 11. from bottom, for xVfor read rigor. 
79, line 9 fr»m bottom, for voluntary read involuntary. 
Si, note, line z «..a a at Imrtcm, after o»-, read producing i 
fimatian in the injured partly fi^. :f, a ti„ns *nd&hm*la»U. 
82, tote, line 6 from bottom for has read have. 
£ the body, of the work.pagc 27, line 1 3 from top, for - 
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